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Background of Ihe Invention 
This invention relates generally to weBboie casings, and In particular to mllbore 
casings that are formed using expandable tuKng. 

conventionally, when a vwBbore Is created, a number of casings are installed in 
5 the borehole to prevent collapse of the borehole wafl and to prevent undesired outflow 
of drilling fluid into the fpmiation or inflow of fluid from the fomiation into the borehole. 
The borehole is drilled in Intervals whereby a casing which is to be installed in a lower 
borehole Interval is lowered through a prevlousty instelled casirig of an upper borehole 
interval. As a consequence of this procedure the casing of the towerlnteival is of 
10 smaBerdiameterthanthecasingoftheupper.nterval.Thus.thecaslngsareina 

nestedarrangementwithcaslngdlametersdecreasinglndownwarddirection. Cement 
annul! are provided between the outer surfaces of thb casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
15 a large borehole diameter Involves Increased costs due to heavy casing handlirKi 
equipment, large drill bits and Increased volumes of driUIng fluid and drW cuttings. 
Moreover, increased dnTIIng rig time Is Involved due to required cement pumpit«. 
cement hardening, required equipment changes due to btge variations in hole 

diametere drilled in the course of the well, and the large volume of cuttings dnlted and 

20 removed. . , 

The present invention is directed to overcoming one or more of the limitations of 

the ejdsting procedures for fonning wellbores. 

Summary of the Invention 
. AccordingtDoneaspectofthelnvention.anapparatusforplasticallydefom™ng 

25 and radially expanding a tubular member is previded that includes means for plastically 
defomilng and .adially expanding a first portion of the tubular member to a first outsKle 
dimeter, and means for plastically defomiing and radially expanding a second portion 
of the tubiJar member to a second oulskJe diameter. 

According to another aspect of the present Invention, an apparatus lor plastically 

30 defom^ngandradiallyexpandingatubularmemberisprevldedthatlridudesatubu^ 
supportmemberlncludlngaflrstfluidpas8age.anexpanslonconecoupledtothe 
tubularsupportmemberhavingasecondfluidpassagefluid.dycoupledtothefirstflu.d 

passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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. . «^eab» passage coupled tt a. e«l 0. »« e.pa~l« «« 1^ 
■ »«o««n,.oa™*s.asp«.o.«P««.«w«*».a™m«,o.p^^ 

tubular member to a second outside diameter. 

Zl9»anome,=sp,c.o.«»^«-^.3."»««-«"»'^»"* 

^^•<«>^>^'^'''^'^'^'^^ 
0 d..o™<n,andr»«,lb,e.pandNa«P««»o.*.»s,»*itera>^ 

„„B«e aiar«»,. |.las«ca^ del«>*« ««alb, «.pan^ 

tet «**. nanMr.u. a seo«« 0*1* m^. 

™^«,«.lh.6n»u*«lar,»,««.ln»«^i"9*«onU.«fl^port^^^ 
r««.r. plasScal^ *.or,-»9 ™«* T"^ ^ 

are substantially equal. ,„,^,niinoa 
According to arwther aspect of the present Invention, an apparatus for coupl ng a 
20 firsttobularmembertoasecondtubutermemberfeprovidedthatindudesmean^^ 
p,asticalMeformingandradia.^expandingafi.tpor«onoftt.first^^^^^^ 
af,.toldediameter.meansfor,as«calMeforn.ngandradia.,expand.^^^ 
portion of the fir.ttubu.armember.oasecondoutslded.ameter.meansforp^^^^ 

Z second tubular member Inside the first tubular member In overlapping relaton to 
25 rerpo,««.ormeflrsttubu1ar.,^.««^t*^«c3lVdefo^ 
expanding the second tubularmemberto awm outside diameter, and 

-^J^t^alt^ ^an d r^MWexpan^nqthese^^ 

fourth outside dimeter: The inside diameters of the first and second tubul^^ 
aftertt^plasticdefomiationsandradialexpansionsaresubstantlallyeq^^^^ 
30 According toanotheraspedofthepresefltlnventlon.anappa,atusforfom*>g 

aweilborecaslng^ithlnawellborelsprovldedmatlndudesm^^ 

tubular member within the wellbore. means for plastically deforming and radially 
expandingaflrstportlonof the tubOlarmembertoaflrst outside dlameter,an^ 
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for plasUcaily defomting and radially expanding a second portion of the tubular member, 
to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fbmiing 
a wellbore casing within a wellbore is provided that Includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluididy coupled to tfie first fluid passage and 
an outer conical surface, a removable annular conical sleeve coupled to the outer 
conical surface of the expansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 
10 valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore. plastically deforming and radially expanding a portion of the tubular 
member toaflrst outside diameter.and plastically defomiing and radially expanding 

15 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a 
mono^ameter wellbore casing within a wellbore is provided that includes supporting a 
first hibular member within the weMDore. plastically deforming and radially expanding a 
first portion of the first tubular member toafirst outside diameter, plastically defomiing 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overtapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a fourth 
outside diameter. The inside diartwters of the first and second . tubular members after 
the plasticdefomiations and radial expansions are substafitially equal. 

According to another aspect of the present Invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically defomJng and radially expanding a first portion of the first tubular member to 
30 afirstoutsldediameter.mearisforplasticallydefom«ingandradiallyexpan(finga^ 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubOlar member in overtapping relation to 
the first portion of the first tubular member, means for plastically defom^ing and radially 
expanding the second tubular member to a third outside diameter, and 



25 
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means (or plasUcally deforming and radially expanding the second tubular member to a . 
fourth outside diameter. The inside diameters of the first and second tutnilar memt«s 
after the plastic defomiations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defomiing aruJ ladiaBy expanding a tubular member is provided that includes 
means (or pmviding a ilpped pctionln a portion of the tubular member, and means for 
plastically deforming and radially expanding another portion of the tubular memt^r. 

According to another aspect of the present invention, an apparatus for 
plastically defomting and radially expanding a tubular member Is provided thatlndudes 
a tubular support member including a first fluid passage, an expansion cor« coupled to 
the tubular support member having a second fluid passage fluididy coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
iMm. a fitBt annular portion coupled to a tower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 
15 conical surface o( the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled to . 
the third annular portion having a second outside diameter, wherein the second outsKle 
diameter is less than the first outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portton of the expansion cone launcher. 
20 According to another aspect of the present Invention, a method of plastically 

defom,lng and radially expanding a tubular member is provided that includes providing 

a lipped portion in a portion of the tubular member, and plastically defomiing and 
radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
25 firsttubularmembertoaseoondtubularmemberbprovidedthatlndudespaw^ 
Opped portion in a portion of the first tubular member, plastically defomting and radally 

^ expandin9-a noth cr port i ono f t he4ir sttub ulr. rrm . mhP r posltionin q the second tubular 

member inside the first tubular member in overlapping relation to the lipped portion of 
• the first tubular member, and plastically defomiing and radially expanding the second 
30 tubular member. The inside diameters of the first and second tubular member after- 
the plastic deformations and radial expansfons are substantially equal. 

According to another aspect of the present invention, an apparatus for couplmg 
a fiist tubular member to a second tubular member is pmvided that includes means for 
pn,viding a fipped portion m the first tubular member, means for plastically defom,ing 
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and radially expanding another portion of Itie first tubular member, means for 
positioning the second tubular member inside the first tubular tnember in overtapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
the first and second tubular members after the plastic deformations and radial 
expansions are substanGally equal. 

According to anotheraspect of the present invention, an apparatus for forming 
a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within thfe weUbore. means for providing a lipped portion In the tubular 
member, and means for plastically defonnlrig and radially expanding another portion of 
the tubular member to a second outside diarneter. 

According to another aspert of the present invention, an apparatus for fomiing 
a wellbore casing within a weitoore is provided that includes a tubular support member 
including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluididy coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone lauiKher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a thirt annular portion coupled to the second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outeide diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a valveable passage coupled to fourth 
annular portion of the expansion cone launcher . 

According to another aspect of the present Invention, a method of fonrong a 
wellbore casing in a wenbore Is provided that includes supporting a tubular member 
within the wellbore. providing a lipped portion in a portion of the tubular member, and 
plastically deforming and radially expanding another portion of the tubular member. 

Accortling to another aspect of the present Invention, a method of forming a 
mono^iameter wellbore casing within a wellbore is provided that mdudes supporting a 
first tubular member within the wellbore. providing a lipped portion In a portion of the 
firet tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member inside the first tubular 

member m overtapping relation to the lipped portion of the first tubular member, and 
plastically defonning and radially expanding the second tubular member. The inside 



diameters of the first and second tubular members after the plastic deformaUons and 

radial expansions are substantially equal. 

. Accordingtoanotheraspedofthepresentliwentk)n.anapparatuslbrforming 

a mon(xliameter weflbore casing within a wellbore Is provided that Indudes means for 
5 providing a lipped portion In the fUst tubular member; means for plastically deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member Inside the first tubular member in overlapping 
relation to the Rpped portion of the first tubular member, and means for plastically 
defomting and radially expanding the second tubular member. The Inside diameters of 
10 the first and second tubular members after the plastic defomialions and radial 
expansions are si*stantialty equal. 

According to another aspect of the present Invention, an apparatus for 
plastically defomUng and radially expanding a tubular member is provided that includes 
means for plastically defomiing ^nd radially expanding a first end of the tubular 
15 member, and means for plastically defomiing and radially expanding a second end of 

the tulMJiar member. 

According to another aspect of the present invention, an apparatus for 

plastically defomiing and radlaHy expanding a tubiter member Is provided that Includes 
a tubular support member Including a first passage, an expansion cone coupled to the 

20 tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of ttie expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveabtefluld passage, and another 

25 annularexpanslonconemovablyooupledtothetiibuiarsupportniember. Theannular 

e^Mnslon cones are jwsitioned In opposite oilentettons. 

A cCTTlinj t» ^""HiPr aspect of the present Invention, a method of plastically 

defomiing and radially expanding a tubular member is provided that indudes plastically 
defomiing and radially expanding a first end of flie tubular member, and plastically 
30 defomiing and radially expanding a second end of the tubular member. 

' According to another aspect of the present Invention, a method of coupTing a 
firet tubular member to a second tubular wember is provided that Indudes positioning 
th^ second tubular member Inside the first tubular member in an overiapping 
relationship, plastically defonrtng and ladiaBy expanding ttie end of the second tubular 



7 



member that overlaps with the first tubular memt)er. and plastically deforming and 
radially expanding the remaining poftton of the second tubular nwmber. 

According to another aspe<^ of the present invenflon. an apparatus for coupflng 
afirsttubularmeinbertoaseoond tubular fneinber is provided that Includes means for 
5 positioning the second tilbularinen*ennslde the first t*^ 

overlapping relationship, means for plastically defonning and radially expanding the 
end of the second tulnilar member that overlaps vwth the first tubular member, and 
means for plastically defonning and radially expanding the remaining portion of the 
second tubular member. 
10 According to another aspect of the present invention, an apparatus (brfbmiing 

a wellboie casing writhin a wellbore is provided that includes means for supportlrig a 
tubular member within the wellbore. means for plasUcally deforming and radially 
expanding a first end of the tubular member, and means for plastirally defonning and 
radially expanding a second end of the tubular member. 
15 According to another aspect of the preserit invention, an apparatus for fonning 

a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage fluWidy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movaW/coupted to outer opnical surface of the 
20 expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 

positioned in opposite orientations. 
25 According to another aspect of the present Invention, a method of forming a 

wellbore casing wllhln a weltbore ls provided that includes plastically defonning and 
radially expanding a firat end of the tubular member, and plasMcaUydefpmiing and 

radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of fonrang a 
30 wellbore casing within a weUbore Is provided that indUdes plastically defonning and 
radially expanding a first tubular member wHhln the wellbore. positioning a second 
tubular mernber In^ the first tubular member in an overlapping relaBonship. 
pl^ticany defonning and radially expariding the end of the second tubular member that 
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overiaps with the first tubular member, and plasUcalty defomiing and radially expanding 

the remaining portion of the second tubular member. 

According lb another aspect of the present tnwention. an apparatus for fomning 

a wellbore casing within a wellbore Is provided that includes ipeans for plastically 
5 defonning and radially expanding a first tubular member within the weUbore. means for 

positioning the second tubular member Inside the firet tubular member i^ an 

overtapping relationship, means for plastically defdmung and radially expanding the 
• endofthesecondtubularmemberthatovertapswiththefirsttubularmember.and 

means for plastically defomung and radially expanding the remaining portion of the 

10 second tubular member. 

Accordingtoanotheraspectofthepresentlnventiort.anapparatusforbridging 

an axial gap between opposing pairs of weBbore casing within a wellbore is provided 

that includes means for supporting a tubular member In overlapping relation to the 

opposing ends of the wellbore casings, means for plastically defomiing and radially. . 

15 expanding the tubular member, and 

means for plastically defomiing and radially expanding the tubular member and the 

opposing ends of the wrellbore casings. 

According to another aspect of the present invention, a method of bridging an 

axial gap between opposing palrsofwelibore casing within a wellbore is provided that 

20 includes supporting a tubular member in overtapping relaUon to the opposing ends of 

the wellbore casings, plastically defomiing and radially expanding the tubular member. 

. and plastically defomiing and radially expanding the tubular member and the opposing 

ends of the wellbore casings. 

According to another aspect of the present invenHon. a method of forming a 

25 stHK^urehavlngdeslredstrengthcharacterisficsisprovldedthatl^ 

fin* tubular member, and plastically defomiing and radially^expanding additional tubular 
intPrinr »faoe of the first tubula r member until the desired strength 

characteristics are achieved. 

According to another aspect of the present invention, a method of fomilng a 
30 wellbore casing within a wellbore having desired strength characteristics bprovlded 
that indudesplasticalty defomung and radially expandingafimttubutarmember within 

tfie wellbore. and plastically defomtfng and radially expanding additional tubular 
membensontothelnteriprsurfaceofthefirsttubularmemberuntilthedesiredsu^^^ 

characteristics are achieved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubuJar member, the first tubular member having an 
original outside diameter ODo and an original wall thickness to. Is provided that includes 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular rrwmber to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radiaUy exparvling the«econd tubular 
member to a third outside diameter, and plastically defomiing and radially expanding 
the second tubular member to a fourth outside diameter. The Inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside diameter ODo of tt» first 
hibular member to the original wall thickness t, of the first tubular member is greater 

than or equal to 16. . 
15 According to another aspect ofthe present invention, a method of forming a 

mono^liameter wellbore casing is provkled that includes positioning a first tubular 
member within a wellbore. the first tubular member having an original outsMe diameter 
ODo and an original wall thickness to, plastically defomiing and radiaUy expanding a 
first portion ofthe first tubular member to a first outside diameter, plastically deforming 
20 and radially expanding anottier portion of ttie first tubular member to a second outside 
diameter, positionirig the second tubular member inside «ie first tubular member in 
overlapping relation to the first portion of the first tubular rfiember. plastically deforming 
and radially expanding the second tubular member to a Uiird outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
25 outside diameter. The inside diameters of the first and second tubular members after 
the plastic defonnations and radial expansions are substantially equal, and ttie ratfo of 
the original outside diameter ODo of the first tubular meniber to the original wall 
thickness t, of tire first tubular member is greatei- ttian or equal to 16. 

According to another aspect of the present.invention. an apparatijs is provided 
30 ttwt includes a plastically deformed and radially expanded tubulaf memberhaving a 
first portion having a first outside diameter and a remaining portion having a second 
outskle diameter. The ratio of the original outside diameter ODo of the first tubular 
member to tt» original wall thickness to of the first tubularmember Is greater ttian or 

equal to 16. . 
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Aocorting to another aspect of the present invention, an apparatus is provided 
that includes a plastically deformed and radially expanded first tubular member having 
a first portion having a first outside diameter arid a remaining portion having a second 
outside diameter, and a plastically defomied and fadlally expanded second tubular 
5 membercouptedtothefirstportlonofthefirsttubularmember. The ratio of the original 
outside diameter OOp of the first tubular member to the original waB thickness t, of the 
first tubular member Is greater than or equal to 16. 

According to another aspect of the present invention, a wellbore casing fomied 
in a wellbore is provided that includes a plastically defonned and radially expanded first 
10 tubular member having a first portion having a first outside diameterand a remaining 
portion having a second outside diameter, and a plastically defonned and radially 
expanded second tubular member coupled to the first portion of ttie first tubular 
member. The ratio of the original outslde diameter 0D« of ttie first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 
ttiat includes a plastically deformed and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original vyall Ihfekness 
t, of «ie tubular member is greater than or ^ual to 16. . 

Brief Description of the Drawings 
20 Fig. 1a Is a cross sectional Illustration of a wellbore Including a preexisting 

wellbore casing. 

Fig. lb Is a cross-sectional illustration of Vne placement of an embodiment of an 
apparatus for radially expanding a tubular member into ttie wellbore of Fig. la. 

Fig. 1c is a cross-sectional Illustration of tiie Injection of fliidlc materials through 

25 theapparatusof Fg. lb. 

Fig. Id Is a cross^ecBonal lllustiation of the Injectton of hardenable fluldto 

geari ng m a teri a ls tbr oi igh the.a[>par a lus of Fig. 1c. 
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Fig. 1e Is 9 cross-sectional illustration of the pressurization of tt» regton betow 
Uie expansion cone of Vne apparatus of Fig. Id. 
30 Fig. If is a cross-sedional Ulustration of ttie continued pressuriratton of Uie 

region below the expansion cone of ttie apparatus of Fig. 1e. 

Fig. 1g is a cross-sectional Illustration of the continued pcessutization of Ihe 
tegton betow ttie expanston cone of ttie apparatus of Fig. If fbltowlrig ttie removal of 
the over-expansion sleeve. 
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Fig. 1h Is a aoss-sectipnal illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

Fig. 1 i is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 1h. 
5 Rg. 1 j is a cross-sectional Ulustration of the radial expansion of another 

expandable tubular member that overlaps with the apparati© of Fig. 1i. 

Fig. Ik Is a cross-sedional Blustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional Illustration of the comj^etion of the secondary radial 
1 0 expansion of the other expandable tubular member of Fig. Ik to form a momMiiameter 
wellbore casing. 

Rg. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sedional illustration of the placement of an embodiment of an 
1 5 apparatus for radially expanding a tubular member into the wellbore of Rg. 2a. 

Fig. 2c is a cross-sectional Illustration of the Injection of fluidic materials through 

the apparatus of Rg. 2b. 

Fig. 2d is a cross-sectional fliustraitron of the injection of hardenabte fluWic 
sealing materials through the apparatus of Fig. 2c. 
20 Fig. 2e is a aoss-sectional illustration of the pressurization of the region below 

the expansion cone of the apparatus of Fig. 2d. 

Rg. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig, 2e. 

Fig. 2g is a cross-sectional fllustration of ttie completion of the radial expansion 
25 of the expandable tubular rnember of the apparatus of Fig. 2f. 

Rg. 2h is a cross-sectional illustratton of the drilfing out of a r^ section of the 
wellbore betow the apparatus of Fig. 2g. 

Rg. 2ils a cross-sectional Hlietration of tiie radial expansion of another 
expandable tubular member that overlaps with the apparatus of Rg. 2h. 
30 Rg. 2i is a cross-sectional illustration of Urie secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Rg. 2k Is a cross-sectional Iflustration of the completion of the secondary radial 
expansion of the other dependable tubular member of Rg. 2j to fomi a monoKJiameter 
wellbore casing. 
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Fig. 3 is a cross-sedional illustration of the apparatus of Fig. 2b illustrating the 
design and constnjcfion of the over-expansion insert 

Rg. 3a is a cross-sectional illustration of an alternative ernbodiment of the over- 
expansion insert of Fig. 3. 

Fig..4 is a cross-sectional illustratlon of an alternative embodlmOT 

apparatus of Fig. 2b including a resiTient hook for retrieving the over-expansion insert 

Fig. 5a is a cross-sedional lUustiation Of a weBboie Including a preexisting 
welllx>re casing. 

Fig. 5b Is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional fflustcation of the placement of an 
inflatable bladder Into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary ooss-secUonal illustration of the inflation of the 
. inflatable bladder of Fig. 5c. 

Rg. 5e Is a cross-sectional illustration of the new section of wellbore casing of 

Fig. 5d after over-expansion. 

Fig. 5f is a cnKS-secUonal illustration of the new section of vi«llbore casing of 
Rg. 5e after driffing out a new section of the wellbore. 

Fig. 5g is a cross-seqtional mustration of the fbnnation of a mono^liameter 
wellbore casing that includes the new section of theweUbore casing and an additional 

section of wellbore casing. 

Fig. 6a is a crosfr<ectional lyustration of a wellbore including a preexisting 

wellbore casing. 

Rg. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing In the wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-secBonal Mustration of the placement of a roller 

radial expan si o n d evi c e intn the nnw sert i on of the we«bofe casing of F^j. 6b. — 

Fig. 6d Is a eross^ecttonal Illustration of the new section of virellbore casing of 

Fig. 6c after over-expansion- 

Fig. 6e is a cross-sedional Blustration of the new sedloo of wellbore casing of 
Fig. 6d after drilRng out a new secfion of the wellbore. 

Fig. 6f Is a cross^onal lllustrallon of the fomtallon of a monoKliameter 
wellbore casing that Indudes the new sedion of the weObore casing and an additional 
section of wellbore casing. 
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Fig. 7a fe a cross secUonal iJlustratlon of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-secttonal illustration of the placement qf an embodanent of an 
apparatus for radially expanding a tutnter member into the wellbore of Rg. 7a. 

Fig, 7cls a cross-sectional Illustration of the it\|ec8on of fluWIc materials through 
the apparatus of Fig. 7b. 

Fig. 7d is a eross-sedional illustration of the injection of hardenable fluidic 
seafing materials through the apparatus of Fig. 7c. 

Fig. 7e is a aoss-secUonal illustration of the pressurization of the region below 
the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f Is a cross-secOonal iHustratioh of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 7e. 

. Fig. 7g is a cfoss^sectional illustration of the completion of the radial expansion 
of the" expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 
weBbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sedional illustration of the completion of the radial expansion 
of another expandable hjbular member to form a mono^llameter wellbore casing; 
Fig. 8a is cross-sedional illustration of an wellbore including a preexisting 
20 secfion of wellbore casir^ having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 

radially expanding a tubular memberwithin the wellbore of Fig. 8a. 

Rg. Sols a CTOSS-secUbnal Illustration of the injection of fluidic materials through 

the apparatus of Fig. 8b. - 
25 Fig. 8d Is a cross-sectional illustration ot the Injection of a hartenaWe fluidic 

seaHng materialthrough the apparatus of Fig. 8c 

Fig. 8e is cross-secUonal Illustration of the isolation of the region bekjw the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 

30 expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig.8e. 

Fig. 8g Is a cross-sectibnal illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-sectional iliustraUon of the continued pressurization of the 
■ ' region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
defofm and radially expand the expansion cone lauricher and expandable tubular 
"member. 

5 Fig. « Is a cross-sectional illustration of the completion of the initial radial 

expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional Hlgstratiori of the further radial expansion of the 
apparatus of Fig. 8i In order to fomi a mono-diameter wellbore casing. 

Fig. 9a is a cross-sectibnai illustration of a >wellbore Including upper and lower 
10 preexisting wellbore casings that are separated by ah axial gap. 

Fig. 9b- is a cross-sectional iliustraUon of the coupling of a tubular member to 
the opposing ends of the wellbpre casings of Fig. 9a. 

Fig. 9c Is a Iragmentaiy cross-sectional illustration of the placement of a radial 

e)q)anslon device Into the tubular member of Fig. 9b. 
15 Fig. 9d is a fragmentary cross-sectional illustration of the actuation of the radial 

expansion device, of Rg. 9c, 

Fig. 9e is a cross-sectional of a nwKWlianneter vvellbore casing generated by 

the actuation of the radial expansion device of Fig. 9d. 

■ pg. 10 Is a cross-sectional Wustration of a nfH)n<><«ameterwellbore casing that 

20 includes a plurality of layers of radiaBy expanded tubular numbers along at leasta 
portion of the its length. 

Fig. 11a is a cross-sectional illustration of a wellbore including a casing formed 

by plastically deforming and radially expanding a first tubular member. 

Rg. 1 lb Is a cross-sectional illustration of a weUbore Including another casing 

25 coupled to the preexisting casing by plastically deforming and radially expanding a 
second tubular member. - 
Pig i 1 ^ lo ^ nrf^i ^cATHnnai iiiiistration of a monoKliameter vrellbore ca^ — 

formed by racfially expanding the second tubular member a second time. 

Detailed Description 

30 - Several embodiments of methods and apparaUJS for forming a mono^Jiameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be iised for form or repair mon<Hliameter wellbore casings, pipelines, 
w stnictuial supports. Furtherinore. while the present illustrative embodimehts are 
described v«th reference to the formation of inoncHliameter vwllbore. casings, the 
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teachings of the present disclosure have general application to the formation or repair ■ 
of wellboiB casings, pipelines, and stKictural supports. 

Referring initially to Fig. la. a w^re 10 Indudes.a preejdsting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation fixxn the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the nrethods and apparatus disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09/454,139. attorney docket no. 
25791 .03.02. filed on 120/1999. (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2«3ffi000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attorney docket na 25791.11.02, filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attorney docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S: patent appfication serial no. 09ffi11,941. 
attorney docket no. 25791.16.02. filed on 2040000. (8) U.S. patent appBcation serial 
no. 00588,946. attorney docket no: 25791.17.02. filed on.6/7/2000. (9) U.S. patent 
application serial no.' 09/559.122. attorney docket no. 25791.23.02. filed on 4/26O000. 
(10) PCT patent application serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154.047. attorney docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional pateiit application serial no. 60/159.082. attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. provlstonal patent applicatioii serial 
no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, filed 

on 10/12/1999. (16) U.S. provisional patent application serial no. _ . 

attorney docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165.228, attorney docket no. 25791.39, filed on11/12/1999. 

(18) U.S. provlstonal patent appBcation serial no: , attorney docket no. 

25791.45. filed on 7/28Q0OO. (19) U.S. prdvistonal patent application serial no. 

. attorney docket no. 25791 .46. iRIed on 7/28/2000. arid (20) U.S. 
pcovisional patent pppBcation serial no . attorney docket no. 25791 .47. 
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filed on 9/18tt000. the disclosures of which are Incorporated hierein by reference. 
1^ generally, the preexisting wellbo^e casing 15 may be cbupled to another 

preexisting wellbore casing and/« may include one or more concentrically posltiorwd 

tubular members. 

5 Referring to Fig. lb. an apparatus 100 for radially expancling a tubular member 

maythenbepositionedwilhinttieweHborelO. The apparatus ICQ includes a tubular 
suptwrtmemberlOSdefinlngapassagellOforconveyingfluidicmaterials. An 
■ • expansion cone 115 defining a passage 120 and having an outer conical surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 

10 member 105. An annular conical over-expansion sleeve 130 mates with and Is 
removablycoupledtotheouterconicalsurface125Qflheexpansloncone115. In 

several alternative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as. for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 100. In this 
manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130: 

An expansion cone launcher 135 is liwvably coupled to and supported by the . 
expansion cone 1 15 and the over-expanslon sleeve 130. The expansion cone 
launcher 135 Include an upper portion having ar^ upper outer diameter, an Intemiediate 
20 portion that mates with the expansion cone 1 15 and the over-expansion sleeve 130. an 
a tower portion having a lower outer diameter. The lower outer diameter is greater than 
•the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 1 45 may be conlrollably dosed in order to fkiididy isolate a regton 
25 1 50 below the expansion cor»e 1 15 and bounded by the lower portion of the expanston 
cone launcher 135 and the shoe 140 firom the region outside<jf the apparatus 100. 
Moxpandabl e tub u l a r memher A 'y f* h miipled to the upper portion of the 
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expansion cone launcher 135. One or more sealing members 160a and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 155. In 
30 several alternative embodiments, the seaTing members 160a and 160b may include 
elastomericelementsand/ormetaBicetementsand/orcomppsiteetanents. Inseverai 
altemative'embodiments. one or more anchoring elements may substituted for. or used 
in addition to. the sealing members 160ia and 160b. 
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In a preferred embodiment, the support memtjer 105, tlie expansion cone 115. 
the expansion cone launcher 135. the shoe 140. and the expandable tubular member 
I5i5 are provided substantially as disclosed in one or more of the fonowing: (1) U.S. 
patent application serial no. 09W54.139. attorney dodtet na 25791.03.02. filed on 
5 12/3/1999, (2) U.S. patent applcatibn serial no. 09/510,913, attorney dodcetno. 
25791 .7.02. filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attorney dodtet no. 25791.8.02. filed on 2/10/2000. (4) U.S: patent application serial 
no. 09/440.338. attorney dodtet.no. 25791 .9.02, filed on 1 1/15/1999. (5) U.S. patent 
application serial no. 09/523,460, attorney docket.no. 25791 .1 1 .02. filed on 3/10/2000. 
10 (6) U.S. patent application serial no. 09/512.895, attorney dodtet no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent applicatioh serial no. 09/511,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent appTicatton serial no. 09/588.946. 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122. attorney docket no. 25791 .23.02. filed on 4/26/2000. (10) PCT patent 
1 5 application serial no; PCT/USOO/1 8635. attorney docket no. 25791 .25.02. filed on 

7/9/2000. (11) U.S. provisional patent application serial no. 60/162.671 , attorney docket 
no. 25791.27. filed on 1 1/1/1999, (12) U.S. provisional patent applicatton serial no. 
60/154.047. attorney dodcet na 25791.29. filed on 9/16/1999. (13) U.S. provisional 
patent applicatton serial no. 60/1 59,082, attoniey docket no. 25791 .34. filed on 
20 10/12/1999, (14) U.S. provlsfenal patent appHcation serial no. 60/1 59,039. attorney 
docket no. 25791 .36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159.033. attorney docket no. 25791 .37. filed on 10/12/1999, (16) U.S. 

provisional patent applicatton serial no . attorney docket no. 

25791 .38, filed on 6/19/2000. (17) U.S. provistonal patent appacation serial no. 
25 60rt65.228, attorney dod(et no. 25791.39. filed on 11/12/1999. (18) U.S. provisional 

patent application serial no , attorney docket no. 25791 ,45, filed on 

7/28/200(), (19) U.S. provistonal patent application serial no. . attorney 

dodcet no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent appHcation 

serial no. __. attorney docket no. 25791.47. filed on 9/18«000, the 

30 disdosures(rf which are incoqwrated herein by reference. 

As Illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatais 100 vmn ttie vt^xxe 10. fluldte materials 165 wittiin the wrellbofe 10 are 
conveyed ttuough ttie apparatus 100 ttifbugh tt» passages 110. 120 and 145 to a 
tocation above the apparatus 100. In ttiis manner, surge pressures during placement 
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of the apparatus 100 wthln the wellbore 1 0 are reduced. In a preferred embodiment, 
the apparatus 100 Is ihitially'posttioned withirt the wellbore 10 such that the top portion 
of the tubular member 155 overlaps with the preexisting casing 15. In this manner, the- 
upper portion of the expandable tubular nwmber 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15. . As will be recognized by 
persons having oidinary skin In the art. the precise initial position of the expandable 
tubular member 155 wiU vary as a function of the amount of radial expansion, the 
amount of axial shrinkage duilng radial expansion, and the material properties of the 

expandable tubular member. 

AS illustrated in Fig. 1c. a fluidic material 170 may then be injected through the 
apparatus 100 through the passages 1 10. 120. and 145 in order to test the proper 
operation of these passages. 

AS illustiated In Fig. Id. a haidenable fluidic sealing material 175 may men be 
injected through the apparatus 100 through the passages 1 10. 120 and 145 into the 
anrkilus between the apparatus and the wellbore 10. In this manner, an annular bamer 
to fluid migration into and out of the wellbore 10 may be formed around the radiaUy 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may IrKlude. for example, a cement inxture. In 
several altemative embodiments, the inJecOon of the hardenable fluidte sealing material 
1 75 may be omitted. Iti several alternative embodiments, the hardenable fluWic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e. a non-hartenable fluidic material 180 may then be 
injected into the apparatus through the passages 1 10 and 120. A ball plug 1 85. or 
other similar device, may then be Injected with the fluklic material 180 to thereby seal 
off the passage 145. In this manner, the region 150 inay be pressurized by the 
continued Injedton of the flukJtemalerial.180 Into the apparatus 100. 

-A64liu8tiated m Fig . If . the rpnt l n ii Rri injectkin rrf the fluidic material 180 Into the 



apparatus 100 causes the expanston cone launcher 135 and expandable tubular 

member 155 to be plastically deformed and radially expanded off of the over-^xpanskm 

sleeve 130. In this manner, the expansfon cone 115 and over^xpanston sleeve 130 

are displaced relative to the expanston cone launcher 135 and expandable tubular 

member 155 mlhe axial direcQon. 

After a predeteimlned time period and/or after a predetennined axial 

displacement of the expanston cone 115 relative to the expansion cone launcher 135 
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and expandable tubular meniber 155, the over-expansion sleeve 130 may be removed 
from the outer conical surface 1 25 of the expansion cone 1 1 5 by the appUcatlon of a 
predetemiined upward shock load to the support member 105. In a preferred 
embodiment, the shock toad causes the frangible over^xpansfon sleeve 130 to 
fracture into smafl pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 1 1 5 by the continued pressurization of the region 150. In a 
preferred embodiment the pieces of the over-expansion sleeve 130 are pulverized into 
grains of material by the continued pressurization of the region 150. 

Referring to Fig. 1g. following the removal of the frangible over-expansion 
sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member 155 to be plastically deformed and radially expanded and extruded off 
. of the outer conical surface 125 of the expansion cone 1 15. Note that the amount of 
radial expansion provided by the outer conical surface 1 25 of expansion cone 1 15 Is 
less than the amount of radial expansion provided by the combination of the over- 
expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated. in 
Fig. 1h, a recess 185 Is fonned in the radially expanded tubular member 155. 

After completing the plastic deformation and radial expanston of the tubular 
member 155. the harden^ble fluidic seafing material Is allowed to cure to thereby fom 
an annular body 190 that provides a bamer to fluid ftow into or out of the wellbore 10. 

Referring to Fig. 1i, the shoe 140 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permrt additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
155. 

Referring to Fig. 1j, a tubular member 200 may then be plastically defonned 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 200 overtaps with and mates with ttie recessed portion 185 
of the tubular memiber 155. In a preferred embodiment, one or more seating members 
205 are coupled to the exterior surface of the upper portton of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
member 155. In several alterriative embodiments, the sealing members 206 may 
include elastomerlc elements and/or metalUc elements and/or composite elements. In 
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several alternative embodiments, one or more anchoring elements may substituted for. 
or used in addition to. the seaUng members 205. In a preferred embodiment, an 
annular body 21 0 of a hardenable fluidic sealing material is also fomied around the 
tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically defom«d and 
radially expanded, and the annular body 210 is fomwd using one or more of the 
apparatus and methods disclosed in the following: (1 ) U.S. patent application serial no. 
09/454.139. attorney docket no. 25791.03.02. filed on 12W1999. (2) U.S. patent 
application serial no. 09/510.913. attorney docket no. 25791 .7.02. fried on 2G3C000. 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791.8.02. Wed 
on 2/10GOOO. (4) U.S. patent application serial no. 09/440.338. attomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460. 
attomey docket no. 25791 .1 1 .02. filed on 3/10/2000. (6) U.S. patent application serial 
no 09/512.895. attomey docket no. 25791.12.02. filed on 2/24/2000. (7) U.S, patent 
application serial no. 09/511.941. attomey docket no. 25791.16.02. filed on 2/24/2000. 
(8) U.S. patent application serial no. 09/588.946. attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent applfcation serialno. 09/559.122. attomiy docket na 
25791.23.02. filed on 4«6«)00. (10) PCT patent appUcatton serial ho. 
PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
20 provisional patent application serial no- 60/162.671 . attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154.047. attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attomey docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attomey docket no. 25791.36. filed 
25 on 10/12/1999. (15) U.S. provlstonal patent applicatkxi serial no. 60rt59,033. attorney 
docket no. 25781.37. filed on 10/12/1999. (16) U.S. provisional patent applicatfon serial 
■ t^l*' — y ' <' ^ ' " " "?S7qi3 RfilRdon . 6/19/2Q00.(17)U.S. 
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provlstonal patent application serial no. 60/165.228. attomey docket no. 25791.39. filed 

on 11/12/1999. (18) U.S. provisional patent application serial no. . 

30 attomey docket no. 25791 .45. filed on 7/28/200O. (19) U.S. provisional patent 

application serial no. attorney docket no. 25791.46. filed on 7/280000. 

and (20) U.S. provisfonal patent appHcatlon serial no. _^ . attorney docket 

no. 25791 .47. filed on 9/18tt000. the disclosures of which are incorporated herein by 
reference. 
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In an attemative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
durlngt ahd/br after curing. 

Refening to Rg. 1k, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as Hlustrated In Fig. II, 
a mono-dianteter wellbore casing may be fomited. 

Referring to Rgs. 2a and 2b. in ari attemative embodlntent. an apparatus 300 
for radially expanding a tubular member may then be positioned within ttie wellbore 10. 
The apparatus 300 indudes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 
insert 330 mates with and is removably coupled to the outer conical surface 325 of the 

expansion cone 315. 

An expansion cone launcher 335 is movaWy coupled to and Supported by ttie 
expansion cone 315 and the over-expansion Insert 330. The expansion cone launcher 
335'includes an upper portion having an upper outer diameter, an intenrrediate portion 
that mates vwth the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter (s greater than the 
upper outer diameter. A shoe 340 definbig a valveable passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment the 
valveable passage 345 may be contrdlaWy closed In order to fluWIdy Isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone teiuncher 335 and the shoe 340 frwn the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated In Fig. 3. the over-expansion insert 
330 indudes a plurality of spaced^part arcuate inserts 330a. 330b, 330c and 330d that 
are positioned between the outer conical surface 325.of the expansion cone 31 5 and 
the inner wrface of the liitemiediate portion of the expansion cone launcher 335. In 
tt* n«nner. the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intehnediate portion of the expansion cone launcher. In this manner, a recess may be 
fbnned in the radially expanded expansion cone launcher 335. In several alternative 
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embodiments, the Inserts 330a. 330b. 330c. and 330d fall out of the recess and/or are 
removed from the recess iising a conventional retrieval tod upon the completion of the 

radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a. the over expansion insert 
330 further includes intennediate resilient memliers 331a. 331b. 331c and 331d for 
resaiently couplir^ the inserts 330a. 330b. 330c and 330d. In this manner, upon the 
oomptetiGn of the radial expansion process, the resilient force exerted by the resiOent 
members 331 causes the over-expansion Insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portiop of the expandable tubular member 355. In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metainc elements arid/or composite elements. In several 
. altemative embodiments, one or more anchoring elements may substituted for. or used 
in addition to. the sealing members 360a and 360b. 

In a prefened embodiment, the support member 305. the expansion cone 315, 
the expansion cone launcher 335. the shoe.340. and the expandable tubular member 
355 are provided substantial^ as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454;139. attorney docket no. 25791 .03.02. filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791.7.02. filed on 2/23/2000. (3) U.S. patent application serial no. 09/502.350. 
attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial 
no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
applicatibn serial no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/l6<2000. 
(6) U.S. patent appRcatton serial no. 09|512.895. attorney docket no. 25791 .12.02. filed 

. on 204/2000, (7) U .S. pa tent appfi ra fmn f wial no Qflffil 1 . 941 . attorney docket no. 

25791.16.02. filed on 2Cf4«600. (8) U.S. patent application serial no, 09/588.946. 
attorney docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559.1 22. attomey docket no. 25791 .23.02. filed on 4/26/2000. (10) PCT patent 
application serial no. f*CTAJS00/18635. attomey docket no. 25791 .25.02. filed on 
7/9/2000. (11) U.S. provisional patent appBcation serial no. 60/162.671. attomey docket 
no. 25791.27. filed on 11/1/1999. (12) U.S. provlsfanal patent applicatton serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999. (13) U.S. provistonal 
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patent application serial no. 60/1 59.082. attorney docket no. 25791 .34. filed on 
10/12/1999. (14) U.S. provisional patent appFication serial no. 60/159.039..attomey 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent application serial 
no. 60/159.033. attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. 

5 provisional patent applteaiion serial tw _j attorney docket na 

25791^. filed on 6/19/2000. (17) U.S. provbtonal patent application serial no. 
60/165.228. attorney docket no. 25791.39. fUed on 11/12/1999. (18) U.S. provisional 
patent application serial no. • ■ ■• attorney docket no. 25791.45, filed on 

7/28/2000. (19) U.S. provisional patent application serial no . attorney 

10 docket no. 25791.46. filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no , attorney docket no. 25791.47. filed on 9/18C00O. the 

disdosures of whtah are Incorporated herein by reference. 

As illustrated In Fig. 2b. In a prefened erribodiment. during placement of the 
apparatus 300 within the wellbore 10. fluidic materials 365 within the wellbore 10 are 
15 conveyed through the apparatus 300 through the passages 310. 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during ptecement 
of the apparatus 300 within Uie wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 is initially posltkwed within the wellbore 10 such that the top portion, 
of the tubular member 355 overlaps writh the preexisting casing 1 5. In this n«tner. the 
20 upper portior^ of the expandable tubular member 355 may be radially expanded Into 
contact with and coupled to the pree)dsting casing 15. As will be recognized by 
persons haying ordinary skill in the art. the precise InlOal position of the expandable 
tubular member 355 will vary as a funcUon of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
. 25 expandsMe tubular member. 

As Illustrated m Fig. 2c. a fluldic material 370 may then be Injected through the 
apparatus 300 through Ihe passages 310, 320. and 345 In enter to test the proper 
operation of these passages. 

As Blustrated in Fig. 2d, a harelenabte fluidic seaHng material 375 may then be 
30 injected through the apparatus 300 through the passages 310. 320 and 345 Into) the 

annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fMd migration Into and out of the vwllbore 10 may be Ibntied around the radially 

expanded expanston cone launcher 335 and expandable tubular member 355. The 
hardenable fkiWIc sealing material may Include, for example, a cement mbcture. In 
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several atterhative embodiments, the injection of the hardenable fluidic sealing material 
375 may be omitted. In several altemaUve embodiments, the hardenable fluidic sealing 
material 375 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e. a non^iardenabte fluidic material 380 may then be 
injected Into the apparatus through the passages 310 and 320. A baU plug 385. or 
other similar device, may then be injected with the fluidte material 380 to thereby seal 

off the passage 345. In IMs manner, the region 350 may be pressurized by the 
continued Injection of the fluidic material 380 into the apparatus 300. 

As illustiated in Fig. 2f. the continued Injection of the fluidic material 380 into the 
apparatus 300 causes the expansion cone launcher 335 to be plastically defom»d and 
radanyexpanded.off oftheover-expansion lnsert330. In this manrwr. the expansion 
cone 315 is displaced relative to Ihe expansion cone launcher 335 and expandable 
tubular member 355 in the a)dal direcfion. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330. the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 Is provided solely by the outer conical surface 325 of the 
expansion cone 315. Notethattheamount of radial expanston provided by the outer 
conical surface 325 of expansion cone 31 5 Is less than ihe amount of radial expansion 
provided by the combination of the over wnston Insert 330 and the expansion cone 

315. in this manner, as Mustrated in Rg. 2g. a recess 390 is formed in the radially 
expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by faffing out and/or removal using a conventional retrieval tool. In 
an alternative embodiment, the resifient force provided by the tesillenl members 331a. 
331b. 331c. and 331d cause the Insert 330 to collapse In the radial directfon and 
thereby faU out of the recess 390. In an aHemaBve embodinwnt. as Illustrated in Fig. 4. 
on e or more rcd l tent hoo kB 395 a an d 3 OT h nre cf* i plftd to thft hnttnm of ^ expansion 
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cone 315 for letrtevmg the over^xpanston Insert 330 during or after the oompletwn of 

the radial expansion process. 

After completing the plastic deformation and radial expansion of Ihe tubular 
member 355. the harienable fluidic seafing matenal Is aBowed to cure to thereby form 
an annular body 400 that provides a barrier to fluid flow bito or out of the wellbore 10. 

Referring to Fig. 2h. the shoe 340 may then removed by drilling out the shoe 
usbgaconventionaldrillingdevlce. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional e)q)andable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
355. 

Referring to Fig. a tubular member 405 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 405 overiaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 
In a prefened embodiment, the sealing members 410 seal the Interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alteniative embodiments, the seafing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members 410. In a preferred embodiment, an 
annular body 41 5 of a hardenable fluidic sealing material is also fomied around the 
tubular member 405 using one or more conventional methods. 

In a preferred embodiment, the tubular member 405 Is plastically defonned and 
radially expanded, and the annular body 415 is fomned using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791J.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 0W440.338, attorney docket no. 
25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent applfcatton s«1al no. 09/523,460, 
attorney docket no. 25791.11.02, filed on 3/10/2d00. (6) U.S. patent applicatton serial 
■ no. 09/512,895, attorney docket no. 25791.12.02, filed on 2«4/2000, (7) U.S. patent 
applicatwn serial no. 09/51 1 ,941 . attorney docket no. 25791 .16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/688.946, attorney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent applicatfon serial no. 09/559.122, attomey docket no. 
25791.23.02, filed on 4/26«)00, (10) PCT patent applicatton serial no. 
PCT/USOO/18635, attomey docket no. 25791 ,25.02. filed on 7/9/2000, (11) U.S. 
provistonal patent applicatton serial no. 60/162,671 , attomey docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. proviskwial patent applfeation serial no. 60/154,047, attomey 
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docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisional patent appOcatfon serial no. 60/159.033. attorney 
5 dbcket no. 25791 .37. filed on 10/12/1999. (16) U.S. piwlstonal patent appTwatlon serial 

no _, attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. 

pioviskmal patent appficalton serial no. 60/165.228. attorney docket no. 25791.39. filed 

on 11/12/1999. (18) U.S. provisional patentapplication serial no _. 

attorney docket no. 25791.45. filed on 7/28/2O0O. (19) U.S. provistonal patent 

10 application serial no. . attorney docket no. 25791.46. filed on 7/28«)00. 

and (20) U.S. provisional patent applicatfon serial.no. . , attorney docket 

no. 25791.47. filed on 9/1^/2000. the disclosures of which are incorporated herein by 
reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
15 alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2). an expanston cone 420 may then be driven In a downward 
directkm by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the Interiordlameter of the tubular 
20 members 355 and 405 are substantially equal. In this manner, as Illustrated in Fig. 2k. 
a mono-diameter »<ellbore casing may be fonned. 

Referring to Figs 5a-5b. in an altemative embodiment, a tubular member 500 . 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
25 conventional methods. An annular body of a fluidicseafing material 510 inay also be 

fbrrned around the tubular m(OTber 500 using any number of conwenlkwal method In 

a prcfonod ombod i ment. thff t ii hulaf m e mhrtf 500 fc ^ pl a sl i ca l ly deformgd and radially 

expanded and the annular body 510 Is fomwd using one or more of the methods and 
apparatus disclosed in one or more of ttie following: (1) U.S. patent application serial 
30 no. 09/454.139. attomey docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 
application serial no. 09/510.913. attomey docket na 25791.7.02. filed on 2030000. 
(3) U.S. patent appBcafion serial no. 09ffi02.350. attomey docket no. 25791.8.02. filed 
on 2/10G000. (4) U.S. patent applfcation serial no. 09/440.338. attomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent appUcatton serial no. 09/523.460. 
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attorney docket no. 25791.11.02. filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791.12.02. filed on 2fi>4/2p00. (7) U.S. patent ' 
appHcation serial no. 09/51 1 .941 . attorney deckel no. 25791 .16.02. filed on 2«4«000. 
(8) U.S. patent application serial no. 0»588.946. attorney docket no. 25791.17.02, filed 
, 5 on 6/7/2000. (9) U.S. patent appficafion serial no. 09^59.122. attorney docket na 
25791 .23.02. filed on 4^26/2000. (10) PCT patent applicatton serial no. 
PCTAJSOO/18635. attorney docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 
provistonal patent application serial no. 60/162.671 . attorney docket no. 25791 .27. filed 
on 1 1/1/1999, (12) U.S. provisional patent appHcation serial no. 60/154.047. attorney 
10 docket no. 25791.29. filed on 9/16/1999. (13) U.S. provisional patent appHcatkm serial 
no. 60/159.082. attorney docket no. 25791.34, fited on 10/12/1999. (14) U.S. 
provisional patent applicatton serial no. 60/159.039. attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisional pat6ntapplicatfon serial no. 60/159.033. attorney 
. docket nb. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent applicatkjn serial 

, 5 no . attorney docket no. 25791 .38. filed on 6/1 9/2000. (1 7) U.S. 

provisional patent application serial no. 60/165.228. attorney docket no. 25791 .39. filed 

on 1 1/12/1999. (18) U.S. proviskjnal patent appUcatton serial no. .. 

attorney docket no. 25791 .45. filed on 7/28^000. (19) U.S. pioviskMial patent 

applicatton serial no , attorney docket no. 25791 .46. filed on 7/28/2000. 

20 and (20) U.S. provisional patent appBcatton serial no. . attorney docket 

no. 25791.47. filed on 9/18/2000, the disctosuies of wtifch are incorporated herein by 
reference. 

In several alternative emlxxliments. tt»e annular txady 510 nray be omitted or 
may be compressible tjefbre. during, or after curing. 
25 fteferring to Rgs. 5c and 5d. a convenltonal inflatable bladder 515 may then be 

posittoned within the tubular member 500 and inflated to a sufficient operaBng pressure 
to plastfcally deform and radially.expand a portfon of the tubular member to thereby 

form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 51 5 may ttien be removed 
30 and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an addittonal tubiter member 525 may then be plastically 
defbmied and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to fonn a mono^Jiameter 
wellbore casing. Before, during or afler the radial expansion of the tubular member 
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525 an annular body 530 of a fluidic sealing material may be tomed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altemative embodiments, the inflatable bladder 515 may be coupled 
5 tothebottomofanexpanslonconelnordertopermittheover-expansionprocesstobe 

perfomied during the ladial expansion process implemented using the expansion cone. 
Referring to Figs 6a«b. in an altemative embodiment, a tubular member 600 

having a shoe 605 may be plastically defomned and radially expanded and thereby 
coupled to the preexisting secUon of vrellbore casing 15 using any number of 

10 conventional methods. An annular body of a fluidic sealing material 610 may also be 
fomiedaroundthetubularmembereOOuslnganynumberofoonventionalmethods. In 
a preferred embodiment, the tubular member 600 Is plastically deformed and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1 ) U.S. patent application senal 

15 no 09/454.139.attomeydocketno.25791.03.02.f.iedon12/3/1999.(2)U.S.patent 

appDcation serial no. 09/510.913. attorney docket no. 25791.7.02. filed on 2«3/2000. 
(3) U S patent applicafion serial no. 09/502.350. attorney docket no. 25791 .8.02. filed 
. on 2/10/2000. (4) U.S. patent appKcatton serial no. 09/440.338. attorney docket no. 

25791 9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460. 
20 attorney docket no. 25791.11.02, filed on 3/10ffi000. (6) U.S. patent application senal 
no 09/512.895.attomeydocketno.25791.12.02.filedon2/24/2000,(7)U.S.patent 

appRcation serial no. 09/511.941. attorney docket no. 25791.16.02. filed on 2/24/2000. 
(8) U S. patent application serial no. 09/588.946. attorney docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09«59.122. attorney docket no. 
25 25791 .23.02. filed on 4fl6«000. (10) PCT patent appTicatton serial no. 

PCT/USOO/18635. attorney docket na 25791.25.02. filed on 7/9/2000. (1 1) U.S. 

: provi si on a l p a t o nt a pp l icrt ln n «rr ri^lnn fW1f ^ ? , fi71 attnmey docket pn. 25791.27. filed 

on 11/1/1999. (12) U.S. provisional patent appliratton serial no. 60/154.047. attorney 
docket no. 25791 .29. filed on 9/16/1999. (13) U.S. provistonal patent application serial 
36 no 60/159.082. attorney docketno. 25791.34. filed on 10/12/1999. (14) U.S. 

provisional patent application serial no. 60/1 59.039. attorney docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provisional patent applteation serial no. 60/159.033. attorney 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent appficatlon senal 
„ .attomeydocketn6.25791.38.filedon6/19/2000.(17)\J.S. 
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provisional patent application serial no. 60/165.228. attorney docket no. 25791.39. filed 

on 1 1/12/1999. (18) U.S. provisional patent application serial no. , 

attorney docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent 

application serial np. ;^ . attorney dpckel no. 25791.46. filed on 7/280000. 

5 and (20) U.S. provisional patent application serial no. ^ , attorney docket 

no. 25791 .47, filed on 9/1 8/2000. the disclosures of v^hlch are incorporated hereh by 
reference. 

In several alternative emtx>dinients, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 
10 Referring to Figs. 6c and 6d. a conventional roller expanstor) device 615 may 

then be posittoned vifithln the tubular member 600 and operated to a conventtonal 

manner apply a radial force to the Intierior surface of the tubular member 600 to 
plasfically deform and radiaBy expand a portton of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 

15 skill in the art. a 'roller expanston device typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the Interior surfaces of a tubular, 
member. In several alternative embodiments, the rofler expanston device 615 may 
Include eccentric roOers such as. for exanvle. as disclosed In U.S. Pat Nos. 5,014.779 
and 5.083.608. the disclbsures of virtiich are incorporated herein by reference. 

20 Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f. an additional tubular member 625 may then be plastically 
defomied and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono^iarrieter 

25 weHbore casing. Before, during or after the radial expanston of the tubular member 
625. an annular body 630 of a HuWte. seafihg material may be formed around the 
tubular rnember In a conventional manner and/or by using one or more of the methods 

and apparatus described above. 

In several alternative embodiments, the roller expansion device 615 may be 
30 coupled to the bottom ofan expanston cone in order to permit Ihe over-expansion 
pnx»ss to be performed duririg the radial expanston process implemented using the 

expanston cone. 

Referring biHially to Fig. 7a. a vi»ellb6re 10 includes a preewstlng wellbore 
casing 15. The wellboro 10 rnay be oriented in any orientatton from the vertical to the 

30 



horizontal. The preexisting welibore casing 15 may be.coupled to tt^e upper portion of 
the wetltwre 1 0 using any number of conventional methods. In a preferred 
emtxxliment. the welibore casing 15 is coupled to the upper portion of the wHboie 10 
using one or ftwre of the metlwds and apparatus disctosed In one or nwe d th^ 
5 followtng: (1) U.S. patent application serial no. 09f454.139. attorney docket no. 
25791.03.02. filed on 12/3/1999. (2) .U.S. patent application serial no. 09/510.913. 
attorney docket no; 25791.7;02. filed on 2«3«000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. 
10 (5) U.S. patent appllcatton serial no. 09/523.460. attorney doctet no. 25791.11.02. Bed 
on 3/10/2000. (6) U.S. patent application serial no. 09612.895. attorney docket no. 
25791.12.02. filed on 2«4/2000. (7) U.S. patent appOcatign serial no. 09/511.941. 
attorney docket no. 25791 .16.02. filed on 2C4/2000. (8) U.S. patent appfication serial 
- no 09/588.946. attorney docket no. 25791 .17.02. filed on 6/7/2000. (9) U.S. patent 
15 applicationserialno.09/559.122.attomeydocketno.25791.23.02.filedon4/26C000. 

(10) PCT patent application serial no. PCT/USOO/18635. attorney docket no. 
25791 .25.02. filed on 7/9/2000. (1 1) U.S. provisional patent appllcatton serial no. 

60/162.671 . attorney docket no. 25791.27. filed on 1 1/1/1999. (12) U.S. provistonal 
patent application serial no. 60/154.047. Forney docket no. 25791.29. filed on 

20 9/16/1999. (13) U.S. provisional patent application serial no. 60/159.082. attorney 

docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159.039. attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provistonal patent application serial no. 60/159.033. attorney docket no. 25791.37. filed 
on 10/12/1999, (16) U.S. provistonal patent appBcaBon serial no . 

25 attomeydocketno.25791.38.flledon6/ia2000.(17)U.S.provl8ionalpatent 

appUcatlon serial no. 60/165.228. attorney docket no. 25791.39. filed on 11/12/1999. 

(1 fl j^«^ P».>4cir.n«ipatAntannlir attanserialnQ. , attorney docket na 

25791.45. filed on 7/28«000. (19) U.S. provistonal patent application serial no. 

. attorney docket no. 25791.46. filed on 7/28«000, and (20) U.S. 

30 provisior»l patent application serial no. , attorney docketno. 25791.47. 

filed on 9/1 8«000. Una disctosures of whfcfi are incorporated herein by reference. 
More generally, ttie preexisting vreBbore casing 15 may be coupled to anottier 
preexisting welibore casing and/or may Irickide one or more conceriWcal^ 

tubular nnembers. 
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• Referring to Rg. 7b, an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725. 
for radially expanding tubular members is coupled to an end of the tubular support 
member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 
expansion cone 71 5. The expansion cone launcher 735 Indudes an upper portion 
735a having an upper outer diameter, an intennedlate portion 735b that mates with the 
expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diamiBter that Is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably dosed in order to fluididy isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 Is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may indude 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
25 in addition to. the sealing members 760a and 760b. 

In a prefened embodiment, the support member 705. the expansion cone 715. - 
the expansion cone launcher 735, the shoe 740. arid the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following: (1 ) U.S. 
patent application serial no. 09/454.139. attorney dodcet no. 25791 .03.02, filed on 
30 12/3/1999. (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attomey docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent appUcation serial 
no. 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460. attorney docket no. 25791.11.02. filed on 3/10«)00. 
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46) U.S. patent application serial no. 09/512.895. attorney docket no. 25791.12.02. filed 
on 2/24/2000. (7) U.S. patent application serial no. 09/511 .941. attorney docket no. 
25791.16.02, filed on 2C4/2000. (8) U.S. patent application serial no. 09/588.946. 
attorney docket no. 25791 .17.02. filed on 6ff/2000. (9) U.S. patent application serial 
5 no: 09^59.122. attorney docket no. 25791.23.02. filed on 412012000, (10) PCT patent 
appflcatton serial no. PCT/US00/i8635. attorney docket no. 25791 .25.02. filed on 
7/9Q000. (11) U.S. provfekjnal patent applicalion serial no. 60/162.671. attorney docket 
no. 25791.27. filed on 11/1/1999. (12) U.S. provisional patent applicatton serial no. 
60/154.047. attorney docket no. 25791 .29. filed on 9/16/1999. (13) U.S. provistonal 
10 patent application serial no. 60/159,082. attorney docket no. 25791.34. filed on 
10/12/1999. (14) U.S. provisional patent application serial no. 60/159.039, attorney 
docket no. 25791.36. filed on 10/12/1999. (15) U.S. provisional patent appHcatlon serial 
no. 60/159.033. attorney docket no. 25791.37. filed on 10/12/1999. (16) U.S. 

provisional patent applteation serial no. __ ^ attorney docket no. 

15 25791 .38. filed on 6/19/2000. (17) U.S. provisional patent application serial no. 

60/165.228. attorney docket no. 25791.39. filed on 1 1/12/1999. (18) U.S. provisional 

patent application serial no , attorney docket no. 25791.45. filed on 

7/28/2000, (19) U.S. provisional patent applicatton serial no. " » attorney 

docket no. 25791 .46. filed on 7/28«>000. and (20) U.S. provisional patent application 
20 serial no. _______ attorney docket no. 25791 .47. filed on 9/18«000. the . 

dlsdosures of whrch are Incorporated herein by reference. 

As illustrated \n Fig. 7b. in a preferied embodiment, during placement of ttie 
apparatus 700 vwthin the wellbore 10. fluidlc materials 765 within the weWwre IQare 
conveyed through the apparatus 700 through the passages 710. 720 and 745 to a 
25 tocafion above the apparatus 700. In Ws manner, surge pressures during placement 
of the apparatus 700 within the vvellbore 10 are reduced. In a preferred embddlnient. 
tho op pa ra tti tt 7 "" «« « " » fa " y p^»'»n«*^ ^ waHbore 10 such that the top portion 



of the tubular men*er 755 overiaps winth the preexisting casing 15. In this ntianner. the 
upper portion of the expandable tubular member 755 may be radially expanded into 
30 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skiB In the art. the precise Initial positton of the expandable 
tubular member755 will vary as a luncOon of the amount of radial expansion, the 
amount of axial shrinkage during radial expansfan. and the material properties of the 
expandable tubularmember. 
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As illustrated in Fig. 7c. a fluidic material 770 may then be injeded through the 
apparatus 700 through the passages 710. 720. and 745 in order to test the proper 
operation of these passages. 

As illustrated In Fig, 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 7i20 and 745 into the 
annulus between the apparatus and the wellboce 10. In this manner, an annular barrier 
to fhiid migration Into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may Include, for example, a cement nuxture. In 
several altemative emtKxJiments. the injection of the hanlenable fluidic sealing material 
775 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
tnaterial 775 is compressible, before, during and/or after, the curing process. 

As illustrated In f^. 7e, a non-hardenable fluidic material 780 may then be 
injeded into the apparatus through the passages 710 and 720. A ball plug 785. or 
other similar device, may then be injected with the fluidic material 780 to thereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 
780 Into the apparatus 700 causes the expansion cone launcher 735 and expandable 
tubular member 755 to be plastically deformed and radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plasUc defomiation and radial expansion of the tubular . 
member 755. the hardenable fluidic sealing material is allowed to cure to thereby fomi 
an annular body 795 that provides a barrier to fluid flow Into or out of the wettbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drllUng device. A new section of ttie wellbore 10 may also be 
drilled out In order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
755. 

Refening to Fig. 7i, an additional tubular member 800 may men be plastically 
defonrod and radially expanded In a conventional nwnner and/or by using one or more 
of the methods and apparatus described above in order to form a m6no<Jianieter 
wellbore casing. Before, during or after the radial expansion of ttie tubular member 
800. an annular body 805 of a fluidic sealing material may be formed around ttie 
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tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. In a preferred embodiment, the lip 790 fadfitates the 
coupHng of the tubular member 800 to the tubular member 755 by providing a region 
on wWch the tubular member 800 may be easily coupled onto. 
5 Referring to Fig. 8a. in an alternative embodiment, a wellbore 10 includes a 

preexisting sectlpn of wellbore casing 15 and 9CiO. The wellbore casing 900 indudes 
sealing members 905a and 905t) and a recess 910. An annular body 915 of a fluidic 
sealing materia may also be provld*! around the easing 900. The casing 900 and 
annular body 91 5 may be provided using any number of conventional methods, the 
10 methods described above, and/or using one or more of the methods disclosed in the 
following: (1 ) U.S. patent application serial no. 09/454.139. atlomey docket no. 
25791.03.02. filed on 12«/1999. (2) U.S. patent application serial no. 09/510.913. 
attomey docket no. 25791.7.02. filed on 212312000. (3) U.S. patent applicatton serial 
no. 09/502.350. atlomey docket no. 25791 .8.02. filed on 2/10/2000, (4) U.S. patent 
15 appOcation serial no. 09/440.338. attomey docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent applicatton serial no. 09/523.460. attomey docket no. 25791.11.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attomey docket no. 
25791.12.02. filed on 2/24/2000. (7) U.Si patent applkation serial no. 09/511.941. 
attomey docket no. 25791.16.02. filed on 2C4/2000. (8) IJ.S. patent applteatton serial 
20 no. 09ffi88.946. attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent 
appfication serial no. 09/559.122. atlomey docket no. 25791 .23.02. filed on 4/26GO00. 
(10) PCT patent application serial no. PCT/USOO/18635. attomey docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent applicaUon serial no. 
60/162.671. attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provisional 
25 patent applicatton serial no. 60/154.047. attorney docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent appUcation serial no. 60/159.082. attomey 
dockot no. 26701.3^. fil e d on 10/1 2 /1999 . (14) 1 . 1 S pmvifilnnal patent applicatiOT $^1 
no. 6tf 159.039. attomey docket no. 25791 .36. filed on 10/12/1999. (15) U.S. 
provisional patent appBcation serial no. 60/159.033. attomey docket no. 25791.37. filed 

30 on 10/12/1999. (16) U.S. provistonal patent application serial no 

attomey docket no. 25791,38. filed on 6/19«000. (17) U.S. provistonal patent 
appncatfon serial no. 60/165.228. attomey docket no. 25791.39. fited on 11/12/1999. 

(18) U.S. provistonal patent application serial no. . attaney docket no. 

25791.45. fited on 7/28C000. (19) U.S. provisional patent applicatton serial no. 
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attorney docket no. 25791.46. filed on 7/28/2000. and (20) U.S. 



provisional patent appOcatton serial no . attorney docket no. 25791 .47. 

filed on 9/1 8/2000. the disclosures of which are Incwporated herein by feferenoe. 

Referring to Fig. 8b. an apparatus 1000 for radially expanding a tubular member 
Is then positioned within the wellbor© 10 that includes a tubular support member 1005 
that defines a passage 1010 for oorweying fliildlc materials. A hydraulic locWng device 
1015 that defines a passage 1020 for conveying fluWic materials that Is fluididy 
coupled to the passage 1010. The kKWng device 1015 further includes inlet passages. 
1020a and 1020b. actuating chambers. 1025a and 1025b. and kxklng members. 
1030a and 1030b. During operatfon. the injectwn of nuidic materials into the actuating 
chambers. 1025a and 1025b. causes the locking members. 1030a and 1030b. to be 
displaced outwaidly In the radial dlredton. In this manner, the kxidng device 1015 may 
be contiollabiy coupled to a tubular member to thereby maintain the tubular member in 
a substantially statkmary positton. As will be recognized by persons having ordinary 
skin in the art. the operating pressures and physical shape of the inlet passages 1020. 
actuating chaml)ers 1025. and k>cking members 1030 will detennine the ma>dmum 
amount of holding force provkJed by the locking device 1015. In several alternative 
embodiments, fluidto materials may be injected Into the kicking devtoe 1015 using a 
dedicated flukJ passage m order to provWe precise control of the kwklng device. In 
several alternative en*odiments. the kwklng device 1015 may be omitted and the 
tubular support mtenber 1005 coupled directly to the tubular support member 1 035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the locking devtae 1015. The passage 1040 is fluWidy coupled to the 
passage 1020. An expanston cone 1045 that defines a passage 1050 and Includes an 
outer conical surface 1 055 is coupled to another ehd of the tubular support member 
1035. An expanston cone launcher 1060 Is movably coupted to and supported by the 

expanston cone 1045. The expanston cone launcher 1060 includes an upper portion 
1060a having an upper outsWe diameter, an Intennediate portton 1060b that mates 
with the expanston cone 1045. and a tower portion 1060c having a tower outside 
diameter. The tower outsWe diameter is greater than the upper outside diameter. 

A shoe 1065 that defines a valyeable passage 1070 Is coupled to the tower 
portion 1 080c of the expanston cone launcher 1060. In this manner, a regton 1 075 
betow the expanston cone 1045 and bounded by the expanston cone launcher 1060 
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and the shoe 1Q65 may be pressurized and fluididy Isolated from the annuter region 
between the apparatus 1000 and the wellbore 10. 

. An expandable tubular member 1080 Is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 

5 sealing members are coupled to the exterfor.of the upper portion of the expandabte 
tubular member 1080. In several altemative embodiments, the sealing niembers may 
Include elastomeric elerrtents and/or metalEc elements and/or composite elements. In 
several attemativiB embodiments, one or more anchoring elements may substituted for. 
or used in addition to, the sealing members. 

10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 . In a prefened embodiment, the support members 1005 and 1035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1 080 are provided suljstantiatly as disclosed in one or 
mote of the following: 0 ) U.S. patent application serial no. 09/454.139. attorney docket 
no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913. 

20 attorney docket no. 25791.7.02. filed on 2^3/2000. (3) U.S. patent application serial 
no. 09/502.350. attomey docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
application serial no. 09/440.338. attomey docket no. 25791.9.02. filed on 1 1/15/1999. 
(5) U.S. patent application serial no. 09/523.460. attomey docket no. 25791.11.02. filed 
on 3/1 0/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 

25 25791.12.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/511,941. 
attomey docket no. 25791 .16.02, filed on 2I24I2I0QO, (8) U.S. patent application serial 

na <?9/? 9e,94ff, i^^^y ^S7Q1 17 02 filed on 6/7/2000. (9) U.S. patent 

appHcation serial no. 09/559,122. attomey docket no. 25791.23.02. filed on 4/26/2000, 
(1 0) PCT patent appRcatton serial no. PCTAJSOQ/1 8635, attomey docket no. 

30 2579r.25.02. filed on 7/9/2000. (11) U.S. provlsior\al patent application serial no. 
60/162,671, attomey docket no. 25791.27. filed on 11/1/1999. (12) U.S. provlsfonal 
patent applicatton serial no. 60/154,047. attomey docket no. 25791 .29. filed on 
9/16/1999, (13) U.S. provlstonal patent appHcatfon serial no. 60/159,082. attomey 
docket no. 25791.34. filed on 10/12/1999, (14) U.S. provisional patent applicatton serial 
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no. 60/159.039. attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no, 25791.37. filed 

on 10/12/1999. (16) U.S. proviswnal patent application serial no. ^ ; — . 

attorney docket no, 25791.38. filed on 6/19«)00, (17) U.S. provisional patent 
5 appRcation serial no. 60/165.228. attorney docket no. 25791.39, filed on 1 1/12/1999. 

(18) U.S. provisional patent applicattan serial no. , attorney docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no, . attorney docket no. 25791.47. 

10 filed on 9/18/2000. the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b. in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10. fluidic materials 1110 within the wellbore 10 are 
conveyed thmugh the apparatus 1000 through the passages 1010, 1020, 1O40 and 
1070 to a locatton above the apparatus 1 000. In this manner, surge pressures during 
15 placement of the apparatus 1000 within the wellbore 1 0 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within ttie wellbore 10 such that 
tiie top portion of the tubular member 1080 overiaps with the recess 910 of the 
preexisting casing 900. In this manner, ttie upper portion of ttie expandable tubular 
member 1080 may be radially expanded into contact with and coupled to the recess 
20 910 of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1 115 may then be'injected through the 
apparatus 1000 through ttie passages 1010. 1020. 1040. and. 1070 in order to test ttie 
proper operation of these passages. 

As illustrated in Rg. 8d, a hardenable fluidic sealing material 1 120 may then be 
25 Injected through the apparatus 1000 through ttie passages 1010, 1020. 1040, and 
1070 Into the annulus between the apparatus^and the wellbore 10. In this manner, an 
annular bamer to fluid migratton Into and out of the v^^llbore 10 may be fbnmed around 
the radially expanded expansion cone laundier 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may Indude, for example, a cement 
30 mixture. In several allemative embodiments, the injection of Ihe hardenabte fluldk: 
sealing material 1 1 20 may be omitted. In several alternative embodiments, the 
hardenable fluidic seafing material 1120 is compressible, before, during and/or after, 
the curing process. 
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As Ulustrated In Fig. 8e. a non-hardenable fluidic material 1125 may then be 
injected into the apparatus 1000 through the passages 1010. 1020 and 1040. A ball 
plug 1130. or other similar devi<». may then be injected wrtth the fluWIc material 1125 to 
thereby seal off the passage 1070. In this martner, the region 1075may .be 
5 pressurized by Ihe continued Ir^jecBon of the fluldic material 1 125 into the apparahis 
1000. Furthermore. In this manner, the actuating chambers. 1025a and 1025b. of the 
locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the loddng device 1015. 

As Illustrated In Fig. ef, the expansion cone 1085 may then be actuated in the 
10 downward direction by a direct application of axial force using the support member 
1100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically defomd and radially expand the upper portion of 
the expandable tubular mertfiber 1080. In this manner, the upper portion of the 
. expandable tubular member 1080.may be precisely coupled to the recess 910 of the 
15 pree»sting casing 900. 

During the downward actuation of the expansion cone 1085. the lodcing 
member 1015 preferably prevents axial displacement of the tubular member i080. In a 
preferred embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member 1 080 in order to prevent buckling' of the tubular member 
20 1080 dureig the radial expansfon of the upper portion of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intermediate portion 1060b of ttie expansion cone launcher 1060 and the 
expansion cone 1045 prevents the axial displacement of the tubular member 1080 
during tiie radial expansion of the upper portion of the tubular member, 
25 As iflustrated in Fig. 8g. ttw expansion cone 1085 and 1 100 may then be raised 

outoftheweOborelO. 

Ac \nm\nA^ F ij « h th « mntini i ftd Iniecti on of the flukliQ material 1 125 Into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically defomied and radially expanded off 
.30 of the expansfon cone 1045. In this manner, the expansion cone 1045 fe displaced 
relative to ttie expansfon cone launcher 1060 ai« expandable tuBular member 1^ 
the axial direction. In a preferred embodiment, the axtel forces created during ttie 
radial expansfon process are greater than ttw axial forces generated by ttib tocking 
devk» 101 5. As will be recognized by persons having ordinaiy skill m tt« art the 
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precise relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 101 5 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
embodiment, the operating pressures of the actuating chambers, 1025a and 1025b. 

5 and the region 1 075 are separately controllable by providing separate and dedicated 
fluid passages for pressurizing each. 

As Illustrated in Fig. 81, after completing the plastic deformation and radial 
expansion of the tubular member 1080. the hardenable fluldic sealing material is 
allowed to cure to thereby fomi an annular body 1130 that provides a barrier to fluid 

10 flow into or out of ihe wellbore 10. The shoe 1065 tnay then removed by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to penmit additional expandable tubular members to be coupled 
to the bottom portion of the plastically defonned and radially expanded tubular member 
1080. 

15 In an alternative embodiment, the annular body 1 130 may be omitted. In 

several aitemative embodiments, the annular body 1130 may be radially compressed 
before, during and/or after curing. 

Refemng to Fig. % the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. • 

Referring to Fig. 9a. a weflbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings. 1205 and 1210. may further include 
outer annular layers of fluidic sealing materials such as, for example, cement. The 
ends of the casings, 1 205 and 1210; are separated by a gap 1215. 

25 Referring to Rg. 9b, a tubular member 1220 may then be coupled to the 

opposing ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodinnent. the tubular member 1^ Is coupled to the opposing ends of 
the casings. 1205 and 1210, by plasticaily defonming and radially expanding the tubular 
rnember 1 220 using one or more of the methods and apparatus described and 

30 referenced above. 

Refemng to Fig. 9c, a radial expansiori device 1225 may then be positioned 
vwthin the tubular member 1 220. In a prefen"ed embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the awal length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as. for example. 

expansionconesactuated'by hydraulicand/ordirectaxialforce. roller expansion 

devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d ahd 9e. after aduallon and subsequent de^ctuation and 
5 removal of the radial expansion device 1225. the Inside diameters of the casings. 1 205 

and 1210. are substantiaHy equal to the inside diameter of the tubular member 1220. 

In this manner, a mono^iameter welibore casing may be fonned. 

Refemng to Fig. 10. a welibore 1300 includes an outer tubular member 1305 

and an inner tubular member 131 0. In a preferred embodiment, the tubular members. 
10 1305 and 1310. are plastically defom»d and radially expanded using orie or more of 

the methods and apparatus described &ni referenced above. In this manner, a 

vwBbore casing may be provided virtwse burst and collapse strerigth may be pred^^ 

controlled by varying the number, thickness, and/or material properties of the tubular 
members. 1305 and 1310. 
15 Referring to Fig. 11a. a welibore 1400 includes a casing 1405 that is coupled to 

a preexisting casing 1410. In a preferred embodiment, one or more seaUng members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to opUmally seal the Interface between the tubular member 1405 and the 

preexisting casing 1410. in a preferred embodiment, the tubular member 1405 is 
20 plastically defom»d and radially expanded using conventional methods and/or one or 
moreofthemethodsandapparatusdescribedandreferencedabove. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is OD,. the wall thickness of the tubular member 1405 prior to the 
radial expansion process is to. the outside diameter of the tubular member following the 
25 radialexpansk)npixx»ssisOD,.andlhewallthlcknessafthetubularmember 

following the radial expanskai process Is t|. 

R of orring to R g 1 1^ " ♦■■h.^r mpmhPr 14?n may then be coupled to the lower 
portion of the tubular member 1405 by plastically deforming ar>d radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 
30 and apparatus described and referenced above. In a preferred embodiment, the 

exterior surface of the upper portton of the tubalarmemberl420 includes one or more 

sealing membeis for seafing the interface between the tubular member 1420 and the 
tubular member 1405. 
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Referring to Rg. 11c. lower portion of the tubular men*er 1405 and the tubular 
member 1420 may be radially expanded again to provide a moruxllaineter weDbore 
casing. The additional radial expansion may be provided using oonvenHonal methods 
and/oroneormoreofthemethodsaiKJappSratusdescribedandreferencedabove. In 

an exemplaiy embodiment, the outside diameter and wall thickness of the lower portion 
of the tubular member 1405 after the additional radial expansion process are OD2 and 

The radial expansion process of f^igs. 11b-11c can then be repeated to provide 
a monoKliameterwellbore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions.of the 
tubular members. 1405 and 1420. may be changed. For example, the firsttubular 
member 1405 may be plastically deformed and radially expanded to provide a lower 
portion having the outside diameter OD2 and the remaining portion having the outside 
diameter OD,. The tubular member 1420 may then be plastically deformed and 
radially expanded one or more times until the inside diameters of the tubular members. 
1405 and 1420. are substantially equal. The plastic deformations and radial 
expansions of the tubular members, 1405 and 1420. may be provided using 
oonventiohal methods and/or one or more of the methods and apiaratus described and 

referenced above. ■ 

In an exemplary embodiment, the total expansion strain E of the tubular 
member 1405 may bp expressed by the folkwing equation: 

E=(OD:,-ODo)fODo 

where OOo = original outside diameter, 

OD1 = outside diameter after 1* radial expansion; and 

OD2 = outside dianieter after 2^ radial «q>anslon. 
Furthemwre. In an exemplary embodiment, vwhere: (1) the exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
first radial expansion is equal to d. the outside diameters, OD, and OO2. of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

ODi = OD,^2d+2t, (2) 
OD2=OA + 2/?+2r2 (3) 
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where ODo = the original outside diameter of the tubular member 1405; 

ODi = the outside diameter of the tubular member 1405 

following the first radial expansion; 
OD2 = the outside diameter of thia tubular member 1405 
5 following the second radial expansion; 

d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

ti = the wall thickness of the tubular member 1406 
-JO after the first radial expansion; 

tj = the wall thickness of the tubular mernber 1405 

after the second radial expanskm; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
15 • Furthermore. In an exemplary embodiment, for d approwmately equal to o:25 
Inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 



E^{QT^I%)I0D, (4) 
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^ere to = the original wall thickness of the tubular member 

1405. 

In an exemplary embodiment, the total expansion strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratto of 
the original outside diameter to the original wall thickness (ODcfto) may be expressed 
25 as: 



ODjt,ini{o:i-ii:iioi),) w 



Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of the original outside diameter to the original wall thickness (00o«o) may be expressed 
30 as: 

0DJt,>\6 (6) 
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In this manner, for typical tubular members, the burst and collapse strength of 
the tubular members following one or more radial expansions are maximized when the 
relationship In equation (6) is satisfied. Furthemiore. the relationships expressed in 
equations (1) through (6) are vafid regardless of the order or type of the radial 
5 expansions of the tubular member 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to me radial expansion of structures having 
a wide range of profiles such as. for example, triangular, rectangular, and oval. 

An apparatus for plastically defomning and radially expanding a tubular member 
has been described that Includes means for plastically defomiing and radially 
1 0 expanding a first portion of the tubular nriember to a first outside diameter, and means 
for plastically deforming and radially jexpanding a second portion of the tubular member 
to a second outside diameter. In a preferred embodiment, the first outside diameter is 
greater than the second outside diameter. In a prefen-ed embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
15 the first outside diameter is removable. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter is frangible. In a preferred embodiment, the means for 
plastically defomiing and radially expanding tlie first portion of the tubular member to 
the first outside diameter is elastic. In a preferred embodiment, the means for 
20 plastically defomiing and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a prefen-ed embodiment, the means for plastically defonning 
arid radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically deforming 
25 and radially expanding the first portion of the tubular member to the first outside 
diameter includes rolfirtg mearts for applyir^g radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically defonning and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fliild passage and an outer conical surface, a 
rernovable annular conical sleeve coupled to the outer conical surface of tt^ 
cone, an annular expansion cone launcher coupled to me conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 
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end of the expansion cone launcher. In a prefened embodiment, the conical sleeve is 
frangible. In a preferred emljodiment. the conical sleeve is elastic. In a preferred 
embodiinent. the conical sleeve Includes a plurality of arcuate elements. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that Includes plastlcally.delbrming and radially expanding a portion 
-of the tubular member to a first outside diameter, and plastically deforming and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred embodiment, plastically defonning and ladally expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve. In a preferred embodimenl. c«"ca' sleeve Is frangible. .In a 
preferred embodiment, the conical sleeve is elastic In a preferred embodiment, the 
conical sleeve Includes a plurality of grcuate elements. In a prefened embodiment, 
plastically defonning and radially expanding the portion of the tubular member includes 
applying a radial force to the portjon of the tubular member using an inflatable bladder. 
In a preferred embodiment, plastically defpmiing and radially expanding the portion of 
the tubular member indudes applying a tadial force to the portion of the tubular 
memtier using a roller expanstoh device. 

A method of coupling a first tubdar member to a second tubular member has 
also been described that Includes plastically defonning and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically defonning and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding ttie second tubular member to a thW outside diameter, and 
plastically defonning and radially expanding the second tubular member to a fourth 
ou td dc dtam ctcr. Thq i nf it ^ " M-unMf^ nfW first and spmnri h i hi i lar mftmbers ^fter — 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, ttw first outside diameter is greater than the second outside diameter. In 
a preferred embodiment, plasticalty defomrang arid radially expanding «ie first portion of 
the first tubulartnember Indud^ applying a radial force to «» portion of the tubular 
member using a conical sleeve. In a preferred embodin^ the conical sleeve Is 
frangible. In a preferred embodiii«enl..the conical sleeve Is elastic In a preferred 
embodiment. tt« conica! sleeve Includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically defomr^ing and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first Uibular 
member using an inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying a 
5 radial force to the first portion of the first tubular member using a roller expanston 
devloe. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically defomiing and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
1 0 for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, nrteans for positioning the second tubular 
member Inside the first tubular member In overlapping relation to the first portion of the 
first tubular member..means for plastically defomting and radially expanding the 
second tubular member.to a third outside diameter, and means for plastically defomiing 
1 5 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters, of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a prefertBd embodinrient, the first 
outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
20 portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a prefenred embcxliment. the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 
a prefened embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the nieans for plastically defomning and radially expanding the 
25 first portion of the first tubular niember Includes means for applying a radial force to the 
first portion of the first ti4)ular member using an inflatable bladder. In a prefenred 
ernbodlment. the means for plastically defortning and radially expanding the first 
portion of the first tubular niember Includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 
30 An apparatus for forming a wellbore casing within a wellbore has also been 

described ttiat Includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically defomiing aiid radiaUy 
expanding a second portion of the tubular member to a second outside diameter. In a 
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prefeired embodiment, the first outside diameter is greater than the secorKi outside 
diameter. In a preferred emtxxliment. the means for plastically deforming and radially 
exparKJing the first portion of the tubular member to the first outsWe diameter is 
removable. In a preferred embodiment, the means for plastically deforming and 
radially expanding the flret portion of the tubular member to the first outside diameter is 
frangible. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of thelubular member to the first outside diameter is elastic. 
In a preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 
applying a radial force to the first.portion of the tubular member, in a preferred 
embodiment, the means for plastically deforming and radially expanding the firet 
portion of the tubular member to the first outside diameter is Inflatable. In a preferred 
embodiment, the means for plastically defomtilng and radially expanding the first 
portion of the tubular member to the first outside diameter includes rolling means for 
applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes means for forming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
. described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surface, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 
the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible. 
) n a pT^«~H .>n *nH i mAnt ttifl r^lffl l slftftve is elastir, . In 9 prefeffed embodiment, 
the COTlcal sleeve includes a pluraWy of arcuate elements. 

A method of fomiing a wellbore casing within a wellbore has also been 
described that Includes supporting a tubular member within a weBbore. plastically 
defomiing and radially expanding a portiori of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. . In a preferred embodiment, the first 
diameter te greater than the second diameter. In a preferred embodiment, plastically 
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deforming and radrally expanding the portion of the tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic In a piBferred embodiment, the cohic^ sleeve includes a pluraTity of 
arcuate elements. In a preferred embodiment, plastically defonrtng and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically defonning and radially expanding the portion of the tubular mernber includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. In a preferred embodiment, the method further Includes injeding ah annular 
body of a hardenabte fluWic sealing material into an annulus between the tubtilar 
member and the weBbore. In a preferred embodiment, the method further includes 
curing the annular body of hardenabte fiuidic seaBng material. 

A method of fonning a mono-diameter vrellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
plastically defonning and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second oulsWe dianieter. positioning the second tubular 
member Inside the fir^t tubular member in overtapping relation to the first portion of the 
first tubular member, plastically defonning and radially expanding the second tubular 
member to a thirxT outside diameter, and plastically defonning and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic defonnations and radial expansions 
are substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter, in a preferred embodiment. plasUcally deforming 
and radially expartding the first portion.of the first tubular member includes applying a 
radial force to the portion of the tubular meniber using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve Is elastic. In a prefened embodiment, the conical sleeve Includes a plurality of 
arcuate etements. In a preferred embodiment, plastically deforming and radially 
expanding the first portion of the first tubuter member Includes applying a radial force to 
the first portion of the first tubular member using an Iriflatable bladder. In a preferred 
embodiment, plastically defonning and radially expanding the first portion of the first 
tubular member Includes applying a radial force to the first portion of the first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further indudes injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. In a prrfened 
embodiment, the method further includes curing the annular body of hardenable fluWlc 
5 sealing material, in a preferred embodiment, the method further Includes NecUng tin 
annular body of a haidei^ble fluWIc sealing material into an annulus between the 
second tubular member and the wellbore. In a preferred embodiment, the method 
further Indudes curing the annular body of hardenable flwdic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
10 has also been described that indudes means for plastically defomiing and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 
t5 first tubular member, means for plastically defonning and radially expanding the 

second tubular member to a third outside diameter, and means for plastically defomiing 
and radially expanding the second tubular meirtber to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defomiations 
arid radial expansions are substantially equal. Iri a prefened embodiment, the first 
20 outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically defonning and radially expanding the first 
portion of the first tubular member indudes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodinfient. the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve Is elastic. In 
25 a prefwred einbodiment. the conical sleeve indudes a phiianty of arcuate elements. In 
a preferred embodiment, the means lor plastically deforming and ladially exjanding the 
f inrt p?ffr tp «f th A t ii h i ifar member i ndudes ri eans for . applying a radial force to the 



first portion of the first tubular member using an inflatable bladder In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
30 portion of the first tubular member indudes means for applying a radial force to the first, 
portion ofthefirattubutermemberuslngarollerexpanslondevlce. Inapreferred 
embodiment, the apparatus further Indudes means fa Injedirig an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the weUboie. In a preferred embodiment, the apparatus further indudes means for 
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curing the annular body of hardenable fluidic sealing material. In a prefen^ 
embodiment, the apparatus further includes means for injecting an annular body of a 
hartlenable fluidic sealing material into an annulus between the second tubular 
member and the wellbore. In a preferred embojdiment, the apparatus further Includes 

5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically defomning and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically deforming and radially expanding 
another portion of the tubular member. 

10 An apparatus for plastically deforming and radially expanding a tubular member 

has also been described that includes a tubular support member Including a first fluid . 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
"annular expansion cone launcher including: a first annular portion coupled to a lower 

15 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third arinular portion having a second outside 
diameter, wherein the second outside diameter Is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

A method of plastically defonnning and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
ateo been described that Includes providing a lipped portion in a portion of the first 
tubular member, plastically defomrdng and radially expanding another portion of the first 
tubular member, positioning the second tubular member Inside the first tubular member 
30 in overtapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside dianieters of 
the first and second tubular members after the plastic defbmnations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for providing a lipped portion In the first 
tubular member, mearte far plastically deforming and radially expanding another portion 
of the first tubular meinber. means for poslUoning the seeorKl tubular member mside 
the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plaslically defonning and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
ttie plasUc deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore. 
means for pioviding a lipped portion In the tubular member, and means for plastically 
defornimg and radially, expanding another portion of the tubular member to a second 
outside diameter. 

An apparatus forforming a wellbore casing within a wellbore has also been 
described that includes a tubular support member.induding a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to Ihe fkst floW passage and an outer conical surface, an annular 
expansion cone launcher Including: a first annular portion coupled to a lower portion of 
"the tubular member, a second annular portion ctfupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outside diameter, and a fourth 
annular portion coupled to the third annular portion having a second outside diameter, 
wherein the second outside diameter Is less than the first outside diameter, and a shoe 
having a yalveaWe passage coupled to fourth annular portion of the expansion cone 
launcher. 

- A method of fbmiing a wellbore casing m a v^llbore has also been described 
tt atlndutl fltT li i T P ^ i n j <"htiiar mernhpr within the wellbore , providinq a Upped 



portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
rnethod further Includes Injecting a hardenable fluldic s^Hng nf»aterial in an annulus 
betweeathe tubular member and the wellbore. In a preferred embodiment, the method 
further Includes curmg the fluldic seaBng material. 
■ A i^thod of fomiing a mono-dlameterwenbore casing within a wellbore has 

also been described that includes supporting a first tubular member within the wellbore. 
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providing a lipped portion in a portion of the first tubirtar member, ptestically deforming 
and radiaUy expanding another portion of the first tubular member, positiortng the 
second tubular member inside the first tubular member In overtapping relation to the 
Hpped portion of the first tubular member, and plastically deforming and radially 
expanding the second tubular member. The Inside dianwters of the first and second 
tubular (nembeis after the plastic defonnations and radial expansions are substantially 
equal. In a preferred embodiment, the method further Includes injecting a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a preferred embodiment, the method further Includes curing the fluidic 
sealing material. In a preferred embodlmeftt, the method further incWe$ injecting a 
hardenable fluidic sealing material In an annulus between the second tubular nwnber 
and the wellbore. In a preferred embodiment, the method further Includes curing the 
fluidic sealing material. 

An apparatus for fomiing a mono-diameter wellbore casing within a wellbore 
has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plasticaHy defonning and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member Inside 
the first tubular member In overtapping relation to the fippedportion of the first tubular 
member, and means for plastically defaming and radially expanding the second 
tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansfons are substantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material in an annulus between the first tubular member and the wellbore. In a 
prsferred embodiment, the apparatus further includes means for curing the fluidic 
sealing material. In a preferred embodiment, the apparatus further Includes means for 
Injecting a hardenable fluidic sealing nwterial in an annulus between (he second 
tubular member and the wellbore. In a prefened embodiment, the apparatus farther 
includes means for curing the fluidic sealing material. 

An apparatus for plastically defomwng and radially expanding a tubular member 
has also been described that includes means for plastically defwirtng and radially 
expanding a first end of the tubular member, and means for plastically defonnlng and 
radially expanding a second end of the tubular member. Iria preferred embodiment, 
the apparatus further Indudes ineans fbr anchoring the tuMar member during ^ 

radial expand. 
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An apparatus for plastically deforming and radially expanding a tubutar member 
has also been described that includes a tubular support member mduding a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluldidy coupled to the first passage and an oirter conical surface, an annular 
expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveabte fluid passage, and another annular expansion cone movably 
coupled to the tubular support membeir. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the anrater expansion cone is 
adapted to plastically deform and radially expand a first end of the exparxJaWe tubular 
member and the other annular expansion cone Is adapted to plastically defomn and 
radially expand a second end of the expandable tubular member. In a preferred 
enVbodiment. the apparatus further includes an anchoring member coupled to the 
tubular support member adapted to hold the expandable tubular. 

A method of plastically defomiing and radially expanding a tubular member has 
also been described that includes plastically defoimihg and radially expanding a first 
end of the tubular member, and plasfically defomiing and radially expanding a second 
end of the tubular member. In a preferred embodiment, the methbd further indudes 
anchoring the tubular member during the radial expansion. In a preferred embodiment, 
the first end of the tubular member.is plastically defonned and radially expanded before 
the second end. In a preferred embodiment, plasfically deforming and radially 
expanding the second end of the tubular member indudes injeding a fluidic material 

Into the tubular meir^. 

A method of coupling a first tubular member to a second tubular member has 
also been described that Indudes positioning the second tubular member inside the 
first tubular m o mber in an r wrlapping re latinnshfp . plastifla l ly defomting and fadially 



expanding the end of the second tubular member that overiaps with the first tubular 
member, and plastically deforming and radially expanding the remaining portion of the 
second tubular member. In a prefened embodiment, the method further Indudes 
plastically deforming and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. - 
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An apparatus for poupling a first tubular memt}er to a second tubular member 
has also been described that Includes means for positioning the second tubular 
member Inside the first tubular member in an overlapping relationship, means for 
plastically defomung and radially expanding the end of the second tubular member that 
overlaps with the first tubular rnember, and means for plastically deforming and radially 
expanding the remaining portion of the second tubular nnember. In a preferred 
embodiment/the apparatus further includes means for plastically defomiing and 
radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the Inside diameters of the first and seoond tubular members are 
substantially equal after the radial expansions. 

An apparatus for forming a weBbore casing within a wellbore has also been 
described that includes means for supporting atubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end of 
the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular rnember during the radial expansion. In a prefenred 
embodiment, the apparatus further includes means for Ir^ecUng a hardenable fiuidic 
sealing material Into an annulus between the tubular member and the wellbore. 

An apparatus for forming a vi/ellbore casing within a wellbore has also been 
described that includes a tubular support number including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface., an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member The annular expansion.cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone Is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expahston cone is adapted to plastically defonn and 
radially expand a second end of the expandable tubular member. In a prefened 
embodiment, the apparatus further mdudes an anchoring member coupled to the 
tubular support rnember adapted to hold the expandable tubular. 
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A method of fonning a wellbore casing within a wellbore has also been 
descrit)ed that indudes plastically deforming and radially expanding a first end of the 
tubular member, and plastically deforming and radially expanding a second end of the 
tubular member, in a preferred entbodlment. the method further Indudes anchoring the 

5 tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plaslicaRy deformed and radially expanded before the second 
end. In a preferred embodimeht. plastically deforming and radially expanding the 
second end of the tubular member bidudes injecfing a fluldic material into the tubular 
member. In a preferred embodiment, the method further Indudes Injecting a 

10 haitJenaWe fluidic sealing material into an annulus between the tubular member and 
the wellbore. 

A method of fbmnng a wellbore casing within a wellbore has also been 
described that Indudes plastically deforming and radially expanding a first tubular 
member within the wellbore. positioning a second tubular member inside the first 
15 tubular member in an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overtaps with the first tubirtar 
member, plastically deforming and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further Indudes 
plastically defonning and radially expanding at least a portion of the second tubular 
20 member. In a preferred embodiment, the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodiment, the method hirther Indudes injecting a hardenable fluldic sealing.material 
into an annulus between the first tubular member and the wellbore. In a preferred 
embodiment, the method further IndudM Uijectlng a hardenable fluidic seaUng material 
25 Into an annulus between the second tubular member and the w^lbore. 

An apparatus for fomilhg a weBbore casing within a wellbore has also been 

d oo crib o d th a t i ndud e s m e ans f o rpl a stic al jy rtpfonning and mriially ftxpanding a first 

tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overiapping relationship, means for plastically 
30 defontJing and radially expanding the end of the second tubular member that owertaps 
with the first tubular member, means for plastically defomiing and radially expanding 
theremalnlngportionofthesecondtubularnfjember. In a preferred embodiment, the 
apparatus further indudes means for plastically defonning and radially expanding at 
least a portion of the second tubular member. In a preferred embodimerit. the inside 
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diameters of the first and second tubular members are substantially equal after the 
radial expansions. In a preferred embodiment, the apparatus further Includes means 
for injecting a haidenable fhiWic sealing material into an annulus between the first 
ti^lar member and the wellbore. In a preferred eii*bdiment. the apparatus further 
5 includes means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that includes means for supporting a 
tubular member in overiapping relation to the opposing ends of the wfellbore casings, 
10 means for plastically defonning and radially expanding the titojlar member, and means 
for plasfically deforming and radiaMy expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that includes supporting a tubular member in 
15 overiapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of forming a stnjcture having desired strength (*iaracteristics has also 
20 been described that includes providing a first tubular member, and plastically defonning 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of fonning a wellbore casing within a wellbore having desired strength 
characteristics has also been described that includes plastieally defonning and radially 
25 expanding a first tubular member vnthin the weDboeB. and plasfically defonning and 
radially expanding additional tubylar nrtembers onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubuter member having an original outside diameter ODo and an original wall 
30 thickness to. has also been described that includes plastically deforming and radially 
expanding a first portion of the first tubular member to a fir^ outside <fiameter. 
plastically deforming and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular mernber in overiapping relation to the first portion of ttie first tubular member. 
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plasticatty deforming and radially expanding the second tubular men^ljer to a third 
outside diameter, and plasficaily defomning and radially expanding the second tulnilar 
member to a fourth outside diameter, wherein the Inside diameters of the first and 
second tubular members after the plastic deftomwtkMis and radial expansions are 
substantially equal, arid 

wherein the ratio of the original outside diameter ODo of the first tubular member to the. 
original wall thidtness to of the first tubular member is greater than or equal to 16. 

A method of forming a mon&=diameter wellbore casing has also been described 
that includes positioning a first tubular member within a wellbore. the first tubular 
member having an original outside diameter ODo and an original wall thickness to. 
plastically deforming ar*l radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second Uibular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. THe inside diameters of the 
first and second tubular members after the plastic defbmiations and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 
the first tubular member to the original wall thlckness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside diameter 
and a remaining portion having a second outside diameter, wherein the ratio of the 
original outside diameter OD, of the first tubular member to the original wall thickness t. 
of the first tubular member Is greater than or equal to 16. 

-An a pp a ratu s h as aKo b een dpsrrihpri th a t inrHtt^m a plast i f^lly ( l efonned and 



radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portfon having a second outside diameter, and a plastically 
deformed and radially expanded second, tubular member coupled to the first portion of 
the first tubular member. The ratkj of the original outside diameter ODo of the first 
tubular member to the original waD thickness to of the first tubular member Is greater 
than or equal to 16. In a prefened embodiment, the inskle diameters of the first and 
second tubular members are substantially equal. 
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A wellbore casing formed in a welibore has also been described that includes a 
plastically deformed and radially expanded first tubular mender having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
5 coupled to the first portion of the first tubular member. The ratio of the origin^ outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubtdal- merhber is greater than or equal to 1 6. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been descrit)ed that includes a plastically defomwd and 
10 radially expanded tubular member. In a preferred embodiment, the rafip the original 
outside diameter ODo of the tubular member to the original waB tWckness to of the 
tubular member is greater than or equal to 16. 

In several altemativ© erhbodiments, the methods and appara^s described and 
referenced above may be used to form w repair weObore casings, pipeHnes. and 
15 structural supports. 

Although this detailed description has shown and described inustrative 
embodiments of the Invention, this description contemplates a wkJe range of 
modifications, changes, and ^bstitutlons. In some instances, one may employ some 
features of the "present Invention without a corresponding use of the other features. 
20 Accordingly, it Is appropriate that readers should construe the appended claims 
broadly, and hi a manner consistent with thie scope of the invention. 
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Claims 

1 An apparatus for plastically defofming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluididy coupled to the first fluid passage and on outer conical suiface; 

an annular expansion cone laun*er comprising: 

a first annular portion coupled to a lower portion of the tubular member. 

a second annular portion coupled to the first annular portion that males with the 
outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter, and 

a fourth annular portion coupled to. the third annular portion having a second 

outside diameter, 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

2 An apparatus for fonning a wellbbre casing virtthin a wellbore, comprising: 

a tubular support member including a first fluid passage; 
■ an expansion cone coupled to the tubular support nr^ember having a second fluid 
passage fliiidlcly coupled to the first fluid paissage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 

a second annular portion coupled to the first anndar portion that mates with the 
outer conical surface of the expansfon cone; 

o th i rd annular portion couple d t o the s ec ond a nm rtar pnrtk)n having a first 

outside diameter; and 

a fourth annular portion coupled to the third annuliar portion having a second 

outside diameter 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth anniilar portion of the expansion 
cone launcher. 
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1 . An apparatus for plasticaily deforming and radially expanding a tubular meml)er. 
oonipristng: 

means for plastically defonning and radially expanding a first portion of the 

tubular member to a first outside diameter, and 
means for plastically defomwig and radially expanding a second portion of the 

tubular membeho a second outside diameter. 

2. The apparatus of dalm 1, wherein the first outside diameter is greater than the 
second outside diameter. 

3. The apparatus of daim 1 . wherein the means for piastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

4. The apparatus of daim 1 . wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of daim 1 , wherein the means for plastically defomiing and • 
radially expanding the first portion of the tubular member to the first outside diameter is 
elastia 

6. The apparatus of daim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
comprises means for applying a radial force to the first portion of the tubular member. 

7. Th9 apparatus of daim 1 , wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

8. The apparatus of daim 1 , wherdn the nraans for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
indudes rolling means for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparatus for plastically defooning and radially expanding a tubular memt)€r , 
comprising: 

a tubular support member including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

. fluid passage fluididy coupled to the first fluid passage arid an outer 

conical surface; 

a removable annular conical steeve coupled to the outer conical surface of the 
expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher 

15 10. The apparatus of claim 9, wherein the conical sleeve is frangible. 

11. The apparatus of daim 9, wherein the conical sleeve is elastic. 

12. The apparatus of dalm 9, wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

1 3. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically defonning and radially expanding a portion of the tubular mend>er to 
25 a first outside diameter, and 

plastically defonning and r&dially expanding another portion of the tubular 

member tf> ^ g^mnH m itsiH a fllameter. : : ^ 

14. The method of daim 13. wherein the first diameter is greater than the second 
30 diameter. 

15. The method of daim 13, wherein plastically defonming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portion of the tubular member using a conical 
sleeve. 

16. The method of daim 1 5, wherein the conical sleeve is frangible. 

5 

17. The method of dalm 15, wherein the conical sleeve is elastic. 

18. The method of daim 1 5. wherein the conical sleeve comprises a plurality of 
arcuate elements: 

10 . 

19. The method of daim 1 3. wherein plastically defomiing and radially expanding the 
portion of the tubular mentl>er comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 

20. The method of daim 1 3. wherein plastically defooning and radially expanding the 
portion of the tubuliar member comprises: 

applying a radial force to the portion of the tubular member using a rdler 
20 expansion device. 

21 . A method of coupling a first tubular member to a second tubular member . 
comprising: 

plastically defonrtng and radially expanding a first portion of the first tubular 
. 25 member to a first outside diameten 

plastically defomUng and radially ejqjanding another portion of the first tubular 

member to a second outside diameten 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular m«Tiber. 
30 plastically defonntng and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defomung and radially expanding the second tubular member to a 

fourth outside diameter. 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 



. 22. Themethodofdaimai.whereinthefiisloutsidedlameterlsgreaterthanlhe 
5 second outside diame|ter. 

23. The method of dalm 21. wherein plastically defom»ing and radially expanding the 
first portion of the first tubular member cofTiprlses: 

applying a radial force to the portion of the tubular member using a conical 
10 ■ sleeve. 

24. The method of daim 23. wherein the conical sleeve is frangible. 
.25. The method of daim 23. wherein the conical sleeve is elastic. 

15 

26. The method of daim 23. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21 . wherein plasticaliy defonning and radially expanding the 
20 first portion of the first tubularmember comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of dalrri 21. wherein plastically defonning and radially expanding the 
25 first portion of Oie first tutHJiar member comprises: 

applying a radial force to the first portion of the first tubular member using a 

: HV"* ovpansinn da^ce. — > 



29. An apparatus for coupUng a first tubular member to a second tubular member. 
.30 comprising: 

means for plastlcaily deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter. 



63 



means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the first portion of the first tubular 

n(^mt>er, ) 
means for plastically deforming and radially expanding the second tubular 

member to a third outside diameter, and 
means for plastically defonning and radially expanding the second tubular 

member to a fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic defomnations and radial expansions are substantially equal. 

30. The apparatus of daim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of daim 29. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 , wherein the conical sleeve is frangible. 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of daim 31 . wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

36. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the firet portion of the first tubular member 
using a roller expansion device. 
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37. An apparatus for forming a wellbore casing within a wellbore, connprising: 

jneans for supporting a tubular member within the wellbore; 
means for plastically deforniing and radially expanding a fire^ 

tubular mennber to a first outside diameten and 
means for plasticatly defonrrtng and radially expanding a second portion of the 

tubular member to a second outside dianneter. 

38. the apparatus of daim 37, wherein the first outside diameter is greater than the 
second outside dianieter. . 

39. The apparatus of daim 37, wherein the means for plastically defonning and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. . 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside . diameter is 
frangible. 

41 . The apparatus of daim. 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter H 
elastic. 

42. The apparatus of ctedm 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
oompr^es means for applying a radial force to the first portion of the tubular ntember. 

43^ The apparatus of claim 37. wherein the means for plastically defonning and 
. radially expanding the first portion of the tubular member to the first outskJe diameter i 
inflatable: 

44. The apparatus of daim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
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comprises rolling means for applying radial pressure to the first portion of the tulnilar 
member. 

The apparatus of daim 37, further comprising: 
means for forming an annular body of a fluldic sealing material within an 
annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore. comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surf ace of ttie 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of daim 46, wherein the conical sleeve is frangible. 

48. The apparatus of daim 46. wherein the conical sleeve is elastic. 

49. The apparatus of daim 46. wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A inethod of forming a wllbore casing vvithln a wellbore, comprisi^^^ 

supporting a tubular member within a wellbore; 

plastically defonning and radially expanding a portion of the tubular member to 
.30 a first outside diameter, and 

plastically defomting and radially expanding another portion of the tubular 
member to a second outside diameter. 



45. 

.5 
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51. The method of daim 50. wherein the fifst diameter is greater thar< the second 
diameter. 



52. Tlie method of daim 50. wherein plastically defonning and radially expanding the 
5 portion of the tui>iterinen»t)ercompffees: 

applying a radial force to the portion of the tubular membefr using a conical 
sleeve. 



10 
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53. The method of daim so! wherein the conical sleeve is frangible. 

54. The method of daim 50, wherein the conical slewe is elastic. 

55. The method of daim 50. wherein the conical sleeve comprises a pluraHty of 
arcuate elements. ■ 

56. The method of daim 50. wherein plastically defonning and radially expanding the 

portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 

bladder. 
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57. The method of daim SO. wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a ladial force to the portion of the tubular member using a roller 
expansion device. 

25 

58. The method Of daim 50. further comprising: 
in]. T^«» q on anntda r hnHy of a hafrienablefluidic sealing material into an 



annulus between the tubular member and the wellbore. 

30 59. The method of daim 58. further comprising: 

curing the annular body of hardenable lluldic sealing material. 

60. A method <iffbnning a monoKliameter wellbore casing within a wellbore. 
comprising: 
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supporting a first tubular member within the welibore; 

plastically defomiing and radially expanding a first portion of the first tubular 

member tp a first outside diameter, 
plastically defonnir^g and radially expanding another portion of the first tubular 

member to a second.outslde diameter, 
positioning the second tubular member Inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically defomiing and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defonning and radially expanding the second tubular member to a 

fourth outside diameter 
wherein the inside diameters of the first and second tubular members after the 

plastic defonnations and radial expansions are substantially equal. 

61 . The method of daim 60, wherein the first outside diameter is greater than the 
seoond-outside diameter. 

62. The method of daim 60. wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

63. The method of daim 62. wherein the conical sleeve is frangible. 

64. The method of daim 62. wherein the conical sle^ Is elastic. 

65. The method of daim 62. wherein the cOTtcal sleeve co^ 
arcuate eloiments. 

66. The method of daim 60. wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of daim 60. wherein plastically deforming and radially expanding the 
first portion of the first tubular mefrt)er comprises: 

applying a radial force to the first portion of the first tutwlar wewber using a 
roller expansion device. 

5 

68, The method of daim 60, fiirthef comprising: 

Injecting an annular body of a hardenaWe fluidic sealing material into an 
annulus betwween the first tubular member and the wellbore. 

10 69. The method of daim 68. hjrther comprising: 

curing the annular body of hardenable fluidic seaRng material. 

70. The method of daim 60, further comprising: 

injeding an annular body of a hardenable fluidic sealing material into an 
45 annulus between the second tubular member and the wellbore. 



71. The method of daim 70. further comprising: 

curing the annular body of hardenable fluidic seafing material. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically defom^ing and radially expanding another portion of the 
25 first tubular rnember to a second outside diaineter, 

. means for positioning the second tubular member Inside the fir^^ 

momhor In rwertepplng relation to the first portion of the first tubular 

member; 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter, and 

means for plastically defomrwng and radially expanding the second tubular 

member to a fourth outside diameter, 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions aire substantially equal. 
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73. The apparatus of daim 72. wherein the first outside diameter is greater than the 
second outside diameter. 

5 74. The apparatus of dalm 72, wherein the nrieans for plastically deforn^ 
radiaOy expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. . 

1 0 75. The apparatus of daim 74. wherein the conical sleeve is frangible. 

76. The apparatus of daim 74. wherein the conical sleeve is elastic. 

77. The apparatus of claim 74. wherein the conical sleeve comprises a plurality of 
15 arcuate elements. 

78. The apparatus of daim 72, wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
20 using an inflatable bladder. 

79. The apparatus of daim 72. wherein the means for plastically defonning and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
25 using a roller expansion device. 

80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hardenable flutdic sealing material into 
an annulus between the first tubular member and the wellbore. 

30 

81 . The apparatus of daim 80. further comprising: 

means for curing the annular body of hardenable fluidic sealing material. 

QZ The apparatus of daim 72. further comprising: 
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means for InjecHng an annular body of a hardehable fluidic sealing material Into 
an annulus between the second tubular member and the wellbore. 

83. The apparatus of daim 82. further compriang: 

5 means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for pUettcaOy defomiing and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member, and 
10 means for plastically defomiing and radially expanding another portion of the 

tubular member. 

85. An apparatus for plastically defonning and radially expanding a tubular member, 
comprising: 

15 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 

fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
an annular expansion cone launcher comprising: 
20 a first annular portion coupled to a lower portion of the tubular member. 

a sdoond annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone: 

a third annular portion coupled to the second annular portion having a 

first outside diameter, and 
25 a fourth annular portion coupled to the third annular portion haying a 

second outside diameter. 

vjhoroln thft li' Toml n ^ -*"*^" HiamrtAr is lass than thft first QUteMe 

diaiTieten and 

a shoe having a valveable passage coupled to fourth annular portion of the 
30 expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member, and 
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plastically deforming and cadially expanding another portion of the tubular 
member. 



87. A method of coupfing a first tubular member to a second tubular member. 

comprising: . . 

providing a Upped portion In a portion of the first tubular member, 
plastically defomiing and radially expanding another portion of the first tubular 
memt>er, 

positioning the second tubular member inside the first tubular member in 

overlapping relatioh to the lipped portion of the first tubular member, and 
plastically defomilng and radially expanding the second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus fo^ coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a Bpped portion In the first tubular member. 

means for plastically defomrarig and radially expanding another portion of the 

first tubular member, 
means for positioning the second tubular member inside the first tuijular 

member in overlapping relation to the lipped portion of the first tubular 

member; and 

means for plastically deforming and radially expanding the second tubular 
member. 

wherein the inside diSmeters of the first and second tubular members after the 
plastic defomations and radial expansions are sulJstantially equal. 

89. An apparatiB for fpnnlng a wellbore casing within a wellbore, comprising: 

means for supporting a tubular nriember within the weUbore; 
means for providing a lipped portion In the tubular member, and 
means for'plastically defaming and radially expanding another portion of the 
tubular member to a second outside (fiameter. 

90. An appaiatusforfomtingawenborecasingwithinaweHbore. comprising: 



72 



a tubular support member including a first fluid passage; 
an Mansion cone coupled to the tubular support member having a second 
fluid passage fhjididy coupled to \he first fluid passage and an outer 
conical surface; 
5 an annular expansion cone launcher coifnpnsing: 

a first annular portion coupled to a tower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
-10 first outside diameter, and 

a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter Is less than the first outside 
diameter, and 

15 a shoe having a vaWeable passage coupled to fourth annular portion of the 

expansion cone launcher. . 

91 . A method of forming a weUbore casing in a wellbore, comprising: 

supporting i tubular member within the wellbore; 
20 providing a lipped portion In a portion of the'tubular member, and 

plastically defomiing and radially expanding another portion of the t^^^^^ 

member. 

92. The method of daim 91 . further comprising: 

25 Injecting a hardenable fluWIc sealing material In an annulus between the tubular 

member and the vfellbore. 

93. The method of dafm 92. further comprising: 
curing the fluidic sealing material. 

30 

94. Amethodoffonnlngan»i^ri»terwell^ 
oompilsing: 

SMPPOrting a first tubular member within the wenbore; 
prwrtding a Bpped portion In a portion of the fiist tubular ^ 
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plastically deforming and radiany expanding another portion of the first tubular 
mefnt>er; 

positioning the second tubular member inside the first tubular member In 

oveilapping relation to the lipped portion of the first tubular member, and 
plastically defomrang and radially expanding the second tubular member, 
wherein the iriskte diameters of the first and second tubular members after the 
plastic deformations and radial expansions are siA)Stantlally equal, 

95. The method of daim 94, further comprising: 

injecting a hardenable fluidic seating material in an annulus between the first 
tubular member arul the wellbore. 

96. The method of daim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of daim 94, further comprising: 

injeding a hardenable fluidic sealing material In an annulus between the second 
tubular member and the wellbore. 

98. The method of daim 97, further comprising: 
curing the fluidic sealing nnaterial. 

99. An apparatus for fomiing a mono-diameter wellbore casing within a wellbore. 
comprising: 

means for providing a Hpped portion in the first tubular member, 
means for plastically deforming and radially expanding another 

first tubular member, 
means for positioning the second tubular member inside the first tubular 

member in overtapping relation to the lipped portion of the first tubular 
member, and 

means for plastically defbrmirig and radially expanding the^econd tubular 
member, 

wherein the inside diameters of the first and second tubular members after the. 
plastic deformations and radial expansions are substantially equal. 



74 



5 



100. The apparatus of daim 99, further comprising: 
means for injecting a hardenabte fluidic sealing material In an annulus between 

the first tubular mefnber and the wellbore. 

101. The apparatus of dalm 100. further comprising: 
mearis for curing the fluidic seafing materiaL 

1 02. The apparatus of daim 99, further comprising: 

10 means for injeding a hardenabie fluidic sealing material in an annulus between 

the second tubular member and ttw wellbore. 

103. The apparatus of daim 102. further comprising: 
means for curing the fluidic sealing material. 

15 

104. An apparatus for plastically defomiing and radially expanding a tubularmernber, 
comprising: 

means for plastically deforming and radially expanding a first end of the tubular 
member, and 

20 means for plastically deforming and radially expanding a second end of the 

tubular member. 

1 05. The apparatus of daim 1 04, further comprising: 

means for andioring the tubular member during the radial expansion. 
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106. An apparatus for plastically deforming and radially expanding a tubular member, 



comprising: 



a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 
30 fluididy coupled to the first passage and an outer conical surface; 

an annular expansion coneteundier movably coupled to outer conical surface 

<tf the expansion cone; 
an expandable tubular member coupled to an end of the annular expansioa 
cone launcher, 
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a shoe coupled to another end of the annular expansion cone launcher having a 
' valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 
member, 

wherein the annular expansion cones are positioned In opposite orientations, 

107. The apparatus of daim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defomn and radially 
expand a second end of the expandable tubular member. 

108. The apparatus of daim 106. further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

109. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically defonning and radially expanding a first end of the tubular member, 

arid 

plastically defonning and radially expanding a second end of the tubular 
member. 

1 1 0. The method of claim 1 09, further comprising: 
anchoring the tubular nr^ennber during the radial expansion. 

111. The method of claim 1 09, wtierein the first end of the tubular member is 
plastically defonned and radially expanded before the second end. 

112. The method of daim 109. plastically defonning and radially expanding the 
second end of the tubular member comprises injecting a fluidic material Into the tubular 
member. 

113. A method of coupling a first tubular member to a second tubular rnecnber, 
comprising: 
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positioning thasecond lubular member inside the first tubular men^r in an 

overlapping relationship; 
plasticaliy defomiing and radially expanding the end of the second tubular 

member that overlaps with the first tubular member, 
plastically defonning and radially expanding the remaining portion of the second 

tubular member. 

114. The method of dalm 1 1 3, further comprising: 

plastically defomiing and radially expanding at least a portion of the second 
tubular member. 

1 15. The method of dalm 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 16. An apparatus for coupling a first tubular member to a second tubular member, 
comprisirig: 

means for positioning the second tubular nrwmber Inside the first tubular 

rnember in an overlapping relationship; 
means fbr plastically deforming and radially expanding the end of the second 

tubular member that overiaps with the first tulwlar member, 
means for plastically defomiing and radially expanding the remaining portion of 

the second tubular member! 

117. The apparatus of dalm 116, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of dalm 1 17, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

119. An apparatus for forming a wellbore casing within a wenbore.com^^^ 

means for supporting a tubular member within the wellkxxe; 
means for plastically defonning and radially expanding a first end of the tubular 
memk)er, and 
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means for plastically deforming and radially expanding a second end of the 
tubular member. 

120. The apparatus of daim 119, further comprising: 

means for anchoring the tubular ntember during the radial expansion: 

1 21 . The apparatus of daim 1 1 9. further comprising: 

means for injecting a hardenable fluldic sealing material into an arinulus 
between the tubular member and the welibore. 

122. An apparatus for forming a welibore casing within a welibore, comprising: 

a tubular support member induding a first passage; 

an expansion cone coupled to the tubular support having a second passage 

fluididy coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher moyably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 

nriember, 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of daim 122. wherein the annular expansion cone is adapted to 
plastically defonn and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defonn and radially 
expand a second end of the expandable tubular member. 

124. The apparatus of daim 122, further comprising: 

an anchoring rhember coupled to the tubular support member adapted to hoW 
the expiandable tubular. 

1 25. A method of fonning a welibore casing within a welibore. comprising: 
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plasOcally deforming and radially expanding a firet end of the tubular member, 
and . 

plastically deforming and radially expanding a second end of the tubular 
mendier. 

5 

126. The method of daim 125. further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of daim 125. wherein the first end of the ti*ular member Is 
10 plasUcally deformed and radially expanded before the second end. 

128. The method of daim 125. plastically defonning and radially expanding the 
second end of the tubular member comprises injeding a fUridic material into the. tubular 
member. 

15 

129. The method of daim 125. further comprising: 

injeding a hardenabte fluidic sealing m^ into an annulus between the 
tubular mend)er and the wellbore. 

20 130. A method of fonning a wellbore casing within a wellbore. comprising: 

plastically defonning and radially expanding a first tubular member within the 
wellbore; 

positioning a second.tubular member inside the first tubular mentber in an 
overiapping relationship: 
25 plastically deforming and radially expanding the end of the second tubular 

member that overiaps witti the first tubular member 
pia <Hr^ii y deforming and ladiallv expandin g the remaining portion of the second 
tubular member. 

30 131. The method of daim 130, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132. The method of daim 131, wherein the inside diameters of the first and second 
tut)uiar members are substantially equal after the radial expansions. 



133. The method of daim 130, further comprising: 

injecting a hardenable fludic seating material Into an annulus between the first 
tubular member and the wellbore. 

134. The method of daim 130. further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

135. An apparatus for forming a wellbore ca^'ng within a wellbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 
means for positioning the second tubular memt>er inside the first tubular 

member in an overiapping relationship; 
means for plastically defonnlrig and radially expanding the end of the second 

tubular member that overlaps with the first tubular member, 
means for plastically defomriing and radially expanding the remaining portion of 

the second tubular member 

1 36. The apparatus of daim 135. further comprising: 

means for plastically defonning and radially expanding at least a portion of the 
second tubular member. 

137. The apparatus of daim 136, wherein the inside diameters of the first and second 
tubular members are substantialty equal after the radial expansions. 

138. The apparatus of daim 135, further comprising: 

means for injecting a hardenable fluidic seaHng material into an annulus 
between the first tubular member and the wellbore. 



• 1 39. The apparatus of daim 1 35. further comprising: 

means for Injecting a hardenable fluldic sealing material into an annulus 
t)etween the second tubular member and the wellbore. 

5 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore. oornprising: 

means for supporting a tubular member in overiapping relation to the opposing 

ends of the wellbore casings; 
means for plasticaHy deforming and radially expanding the tubular member; and 
10 means for plastically defomiing and radially expanding the tubular member and 

the opposing ends of the welibore casings. 

141 . A method of bridging an a)dal gap between opposing pairs of wellbore casing 
within a wellbore. comprising: 

15 supporting a tubular member in overiapping relation to the opposing ends of the 

wellbore casings; 

plastically defomiing and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

20 

142. A method of fonning a structure having desired strength characteristics, 

. comprising: 

providing a first tubular member; and 

plastically defomiing and radially expanding addiOonal tubular members onto 
25 ihe interior surface of the first tubular member until the desired strength 

characteristics are achieved. 



143. A rnethod of forrning a wellbore casing within a wellbore having desired sfr^^ 

characteristics, comprising: 
30 plastically defomiing and radially expanding a first tubular member within me 

wellbore; and 

plastically defonning and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a fir$t tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to. comprising: 

5 plastically deforming and radially ej^anding a first portion of the first tubular 

- ■ member to a first outside dianieter; 

pjastically deforming and radially expanding another portion of the first tubular 
. member to a second outside diameter. 
•. positioning the second tubular member Inside the first tubular member in 

^0 overlapping relation to the first porBon of the first toibular member, 

plastically defonrang and radially expanding the second tubular meiiiber to a 

thffd outside diameter; and 
plasUcally deforming and radially expanding the second tubular member to a 
fourth outside diameter; 
15 wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODa of the first tubular 

member to.the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

20 . . ; 

145. A method of forming a mono-diameter wellbore casing, comprising: 

posiSonihg a. first tubujar member within a wellbore. the first tubular member 
having an original outside diameter ODo and an original wall thickness 
to: 

25 plastkally deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter, 
plastically defomiing and radially expanding another portkjn of the first tubular 

member to a second outside diameter, 

positkming the second tubular member inside the first tubular member in 

30 - overtapplng relatkm to the first portton of the first tubular member 

"plastically deforming and radially expanding the second tubular member to a 

third outsMe diameter, and 
' piasttaatty deforming and radiaBy expanding the second tubularmembertoa 

fourth outside diameter. 
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wherein the inside diameters of Ihe first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside.diameter Op, of the fbst tubular 

memt)er to the original wan thickness to of the first tubular member is 
5 greater than or. equal to 16. 

146. An apparatus, comprising: 

aplastlcallydefomiedandradialtyexpandedtubularmemberhavingafirst . 

portion having a first oulside diameter and a remaining portion having a 

second outside diameter, 
whereintheratiooftheoriginaloutsidediameterODoOfthefirsttubular 

member to the original wall thickness to of the first tubular member is 

greater than or equal to 16. 

15 147. An apparatus, comprising: 

a plwtically defomied and radially expanded first tubular member havmg a firat 
portion having a first outside diameter and a remaining portton having a 

second outside diametar, and 
a plastkally defonned and radially expanded second tubular member coupled 
20 to the first portton of the first tubular member. 

wherein the jatio of the original outside diameter ODo of the first tubular 

member to the original wall thickness t, of the first tubular member is 
greiater than or equal to 16. 
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148. Theapparatusofclalm147/wherelnthein8idediametersofthefirstand8eoc>^ 
tubular members are substantially equal. 
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149 Awellborecasingfonnedinawellbore.compnsing: 

a plastically defonned and ladiaUy expanded first tubular member having a first 

portfon having a first outside diameter and a remaining portion having a 

second outskle diameter, and 
a plastically def pmied and radially expanded second tubular member coupled 

to the first portton of *e first tubular membe*; . 
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wherein the ratio of the original outside diameter ODp of the first tubular 

member to the original wall thickness to of the fust tubular member is 
greater than or equal to 16. 

150. The casing of daim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. . 

151. An apparatus, comprising: 

a plastically defomied and radially expanded tubular member, 

wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thickness to of the tubular member is greater than or 

equal to 16. 
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